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PREFACE. 



As the title indicates, this little book is intended especially 
as a gaide to the students in the course in Physiological 
Chemistry as given in the University and Bellevue Hospital 
Medical College. It makes no pretence of being more than 
this. On this accoimt the subjects outlined are limited in 
number, while the individual experiments are described with 
considerable detail. 

It iB my desire to express here my indebtedness to Dr. 
John A. Mandel, Professor of Physiological Chemistry in 
this Institution, at whose suggestion this manual was pre- 
pared. 

H. C. J. 

October, 1903. 
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Tests for constituent elements. 

(a) Carbon. — 1. Heat cautiously a small particle of sub- 
stance on a platinimi foil. The piece will char, due to the 
separation of the carbon in the substance. Further heating 
renders the carbon capable of combining with the oxygen of 
the air, with the result that the former passes off as CO2. In 
the case of carbohydrates, when the combustion is complete, 
no residue is obtained. A substance containing oxygen in 
sufficient quantities to form CO2 with all the carbon present 
will not carbonize. 

2. Mix thoroughly some of the dried substance with 
powdered CuO and place the mixture in the bottom of a dry 
test-:tube. Upon warming, the carbon of the substance is 
oxidized by the oxygen of the CuO and escapes as COj. 
This CO3 may be detected by holding a glass rod moistened 
with lead acetate at the mouth of the test-tube. 

(6) Hydrogen. — 1. In the latter experiment, moisture will 
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have collected on the cold part of the test-tube. The hy- 
drogen of the substance, in the presence of heat, has com- 
bined with the oxygen supplied by the CuO, forming HjO. 

Monosaccharides, CgH^O^. 
Dextrose. Levulose. Galactose. 

Dextrose = grape-sugar = glucose. 

Tests: (a) Moore's. — ^To 5 c.c. of the dextrose solution add 
an equal volume of NaOH, and heat. The mixtm^ becomes 
yellow and finally brown, due to the formation of caramel (?). 
This test lacks delicacy and reliability in examining m-ine. 

(6) rromwer'Sj-rTo 5 c.c. of the dextrose solution add an 
bqdnl volumd.'of SfaOH. Then add, drop by drop, a dilute 
- . solution gf.CuSOi (so* dilute that the green color is just visi- 
-'•*•• ble)*iinttl ib -trfteefef^permanent precipitate (?) remains. The 
solution should be deep blue in color. Warm the upper part 
of the solution and note result. Write all the equations for 
the reactions taking place in this experiment. 

(c) Fehling's. — Heat 5 c.c. of Fehling's solution (?) just to 
boiling and add a few drops of the dextrose solution. Con- 
tinue boiling until the solution commences to respond as 
with Trommer's test. Compare the reactions of this test 
with those of the previous ones. 

(d) Barfoed's. — ^To 5 c.c. of Barfoed's reagent (?) add a few 
drops of the dextrose solution and boil. Note the result and 
write equations. 

(e) Nylander's. — ^To 5 c.c. of the dextrose solution add 
10 drops of Nylander's reagent (?) and boil. The solution 
gradually turns yellow and finally black, bismuth (?) being 
precipitated. 

( /) Silver Nitrate. — ^To 5 c.c. of AgNO, solution in a dean 
test-tube add dilute NH^OH, drop by drop, until the precipi- 
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tate, which is at first formed, dissolves. Then add a few 
drops of the dextrose solution and warm on the water-bath. 
Note the formation of a metallic mirror on the side of the 
test-tube. Explain chemical changes. 

( j) Phenylhydrazin. — ^In a test-tube make a mixture of 5 
drops phenylhydrazm, 10 drops glacial acetic acid, and 1 c.c. 
of a saturated solution of NaCl; then add 5 c.c. of the dex- 
trose solution and boil for a few minutes. Yellow phenyl- 
glucosazone crystals will appear on cooling. These must be 
examined imder the microscope. This is the most distinc- 
tively characteristic and conclusive of all tests for dextrose. 
The crystalline form is the important point. Other sub- 
stances form osazones, but these latter differ in crystalline 
form, solubilities, and melting-points. Write the chemical 
equations for the formation of osazones. 

(h) Fermentation. — ^In a test-tube shake 20 c.c. of the dex- 
trose solution with a small piece of compressed yeast. Place 
the mixture in a saccharometer and allow it to stand in a 
thermostat at 40°C. A gas (?) collects at the top of the 
tube and the amoimt is in a direct ratio to the amount of 
dextrose in the solution. What is the character of the 
chemical changes which have taken place? 

DiSACCHARlDES, C^fi^fi^^. 

Maltose. Lactose. Saccharose. 

SACCHAKOSE=cane sugar = sucrose. 

Tests: (a) Fehling's; Moore s; Nylander's; Fermentation; 
Barfoed's; using in each case 5 c.c. of the saccharose solu- 
tion. Compare the results with those obtained with dex- 
trose. 

(6) To 10 c.c. of the saccharose solution add 1 c.c. concen- 
trated HCl and boil several minutes. Allow to cool and 
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then make alkaline with NaOH. Use this solution in mak- 
ing Fehling's, Nylander's, and Barfoed's tests. Write the 
equations for the chemical changes which have taken place 
and determine the character of the carbohydrate formed. 



Polysaccharides, {C^Jd^^. 

Starchs. Dextrins. Glycogen. Celluloses. 

Starch. 

(a) Examine under the microscope and sketch the follow- 
ing starch granules: potato, com, wheat, and rice. 

(6) Place some starch in a test-tube half full of water and 
shake thoroughly imtil the starch is finely divided. Heat 
water to boiling in another test-tube and add to this enough 
of the cold starch mixture to make a translucent solution 
(about 5 per cent.). What takes place upon pouring the 
suspended starch into the hot water? The solution of starch 
thxis obtained is called a paste, and in making experiments 
with this substance such a 'paste must always be prepared, 
(c) To 5 c.c. of starch paste add a drop of iodine solution- 
Warm gradually and then allow to cool. Note changes. 
{d) Boil 10 c.c. of starch paste with 1 c.c. of concentrated 
HCl for 5 minutes. Observe the change which the solution 
imdergoes. Neutralize part of this cold solution with NaOH, 
and apply Fehling's and Barfoed's tests. (If no reduction 
appears, continue the boiling of the original acid solution for 
some minutes longer and repeat the neutralization and tests.) 
Determine the character of the sugar causing this reduction. 



FATS. 



FATS. 

Tripalmitin. Triolein. Tributyrin. 

CHjOOCCi^H,^ CHjOOCC^H,, CH2OOCC3H7 



CHOOCC«H„ CHOOCC^H,, CHOOCaH, 

I - I I 

CHjOOC-QsH,! CHaOOCC^H,, CH3OOCC3H, 

Try the following tests, making use of olive oil (?) : 

(a) Test its solubility in water; ether; chloroform; alcohol. 

(6) Test its reaction. What is the normal reaction of a 
fat? What is rancid butter? 

(c) In a test-tube warm a few drops with potassiimi bisul- 
phate. Notice odor. What is the reaction taking place? 

{d) Let a drop of an ether solution of a fat fall upon paper. 

(e) Shake some olive oil with water and allow to stand. 

(/) Saponification. 

1. Place a piece of bayberry wax (tripalmitin) in an evap- 
orating-dish and add water until it is half full. Then add 
about 10 c.c. NaOH and boil until the substance is dissolved, 
adding water from time to time as the solution evaporates, so 
that the original volume is constantly maintained. Write 
the reaction which is taking place. After complete solution, 
add carefully dilute H2SO4 until the precipitation is complete 
and then cool. A greenish crust of free fatty acid will form 
on the surface of the liquid, so that the solution may be 
poured off. (Keep this solution.) Break the fatty acid crust 
into small pieces and wash with tap water; finally dry between 
filter paper. Dissolve part of the fatty acid in hot 95 per 
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cent alcohol, filter through dry funnel and allow the filtrate 
to cool slowly. 

Palmitic acid separates out in snowy-white crystalline 
form. Examine under the microscope. 

2. Place 50 c.c. of alcoholic potash (?) in a flask containing 
25 grams of lard. Warm the mixtm-e upon the water-bath 
until a drop let fall into water is perfectly soluble. Then pour 
the solution into an evaporating-dish containing 100 c.c. water 
and evaporate until the . alcohol has been driven oflf . While 
still hot precipitate with H3SO4 and allow to cool. Write 
the chemical equations for the various steps in the procedure. 
The fatty acid again forms a crust which may be easily 
removed from the liquid. Unite this solution with the similar 
one in Experiment 1 and, after neutralization with NaiCO^ 
evaporate down to about 5 c.c. What substances are present 
in this solution? Retain this. 

Perform the following reactions with the faUy'-acid crust: 

(a) Test solubility in ether; chloroform; water; alcohol. 

(6) Warm in a dry test-tube with potassium bisulphate. 

(c) Shake up the remainder of the fatty acid with 15 c.c. 
water and add NaOH, drop by drop, until the acid is all 
dissolved. Write the reaction. What is formed? 

Use this soap solution for the following reactions: 

(a) Add 5 drops to a saturated solution of NaCl. 

(6) Take 10 c.c. of tap water and add the soap solution, 
drop by drop with shaking, imtil the precipitate fails to redis- 
solve. The foam which also previously formed and then 
disappeared, now is permanent. Explain these conditioi^s. 

(c) Shake some olive oil with water and add a few drops of 
the soap solution. What is an emulsion? Examine under 
the microscope. Albumins and gums form similar emulsions 
with fats. This emulsion of fats by means of a soap solu- 
tion is important on account of the probability that this 
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reaction plays a decided part in the absorption of fat from the 
intestine. 

CHjOH 



Glycerine, CHOH 

I 
CH^OH. 

Make use of the solution obtained from the two saponifica- 
tions for the following tests: 

(a) Note the taste and try its solubility in alcohol; ether; 
water. 

(6) Add some dry potassium bisulphate and warm. 
Compare this with the same reaction under fats. Write 
equation. 

(c) Test with Fehling's solution. 

(d) Make a faint precipitate of Cu(0H)2, and to this add 
the remainder of the glycerine solution. What happens? 



PROTEIDS. 

Divided into simple proteids, compound proteids, and aJbiir 
minoids. 

Reactions General to all Proteids. 

Proteids contain carbon, hydrogen, oxygen, nH/rogerty and 
sulphur, sometimes phosphorus and iron. 

Test the substance for carbon and hydrogen. 

(a) Test the white of egg (coagulated) for nitrogen as 
follows: Make an intimate mixture of this substance with 
soda lime and introduce it into a dry test-tube. Warm 
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gently. Hold a piece of moistened red litmus paper or a 
glass rod moistened with HCI at the mouth of the testrtube. 
What is the reaction which takes place? 

(d) Warm carefully a small quantity of the dry substance 
in a dry test-tube with a small piece of metallic sodium. 
When the sodium ignites remove the tube from the flame 
and after the ignition has ceased plunge the warm end into 
a conical glass quarter full of water. Filter the solution, and 
to the filtrate add a few drops of ferric chloride and ferrous 
sulphate. Upon acidifying with HCI a blue precipitate of 
ferro-ferricyanide (?) is formed. Write out the chemical 
reactions which take place in this manipulation. 

Sulphur is present in proteids in two forms, viz.: Loosely 
combined, i.e., combined with H; example: — SH. Firmly 
combined, i.e., combined with 0; example : — SOj. 

Test for loosely combined sulphur as follows: 
. Place about 5 c.c. of dilute NaOH in a test-tube with a 
small quantity of the substance, and add two drops of lead 
acetate. Heat the mixture for a few minutes and note 
changes. In what form is this kind of sulphur split off by 
NaOH? What causes the blackening? 

Test for oxidized sulphur as follows: 

Mix some of the substance with double its quantity of the 
fusion mixture (NajCOg + KNOg) . Place the whole in a small 
porcelain crucible and warm cautiously until the mixture 
becomes colorless. (If the fusion begins to sputter, remove 
the flame.) The residue (fused mass) should be nearly white. 
It is then dissolved in 10 c.c. dilute HCI, filtered, and the fil- 
trate precipitated warm with BaClj. What is this white pre- 
cipitate? Write the reaction. How is this sulphur split off? 

Phosphorus. — Fuse some casein (?) with the fusion mix- 
ture as in the previous experiment. Dissolve the fused mass 
in 10 c.c. of water acidified with HNO,. Filter and add 
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5 c.c. of ammonium molybdate solution. Wton some min- 
utes at about 80° C. What is the yellow precipitate? 

Iron. — Incinerate a small quantity of haemoglobin (?^ in 
a porcelain crucible. The ash should be red. Dissolve 
out the ash with 10 c.c. of dilute HCl. Filter. Test this 
solution for Fe with . potassium sulphocyanide or poatssiimi 
ferrocyanide. 

Color Reactions. 

For the following tests make use of the white-of-egg solution 
as a typical example of proteid: 

(a) Xanthoproteic Test. — ^To 5 c.c. of albumin solution add 
10 drops HNOg. Note the white precipitate (?). Boil until 
the precipitate is dissolved and the solution becomes light 
yellow. Cool, and add an excess of NH^OH. The color 
changes to orange. Other substances may give a yellow 
solution with HNOg, but the solution does not respond orange 
upon neutralization with NH4OH. What are the chemical 
changes of this reaction? 

(6) Millon^s Test. — Add a few c.c. of Millon's reagent (?) to 
5 c.c. of the albimiin solution. The precipitate (?) formed 
turns red slowly upon heating. This reaction is suitable for 
solids or liquids where the presence of salts in the solution is 
not excessive. What atomic complex in the proteid molecule 
causes this reaction? What simple substance also gives this 
reaction? 

(c) Biuret Test. Suited for testing solutions only. — Place 
5 c.c. of the albimiin solution in a test-tube and add an equal 
volume of NaOH. Then add, drop by drop, a CUSO4 solu- 
tion so dilute that the color is hardly visible. The color 
obtained will vary from blue violet to reddish violet, accord- 
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ing to the kind of proteid in solution. If too much CuSO^ is 
added the solution becomes green. A specific atomic complex 
in the proteid molecule is also accountable for this reaction. 
What simple substance will respond to this test? 

(d) Adamkievricz Test. — Boil 2 c.c. of the albumin solution 
with 5 c.c. of glacial acetic acid until a complete solution is 
obtained. Cool, and cautiously rim down the side of the 
test-tube 2 c.c. concentrated H2SO4. A violet color develops 
at the jimction of the two liquids. 



Precipitation Reactions. 



y^aj Heller's Test. — If 5 c.c. of HNO3 is placed in a test- 
tube and a few c.c. of the albumin solution allowed to flow 
gently down the side of the test-tube and stratify itself on 
top of the HNO3, a white ring of precipitated albumin will 
form where the two liquids meet. HCl and H2SO4 will also 
give the same reaction. 

(6) Acetic acid and potassium ferrocyanide. — Make 5 c.c. 
of the albumin solution acid with acetic acid and add, drop 
by drop, a dilute solution of potassium ferrocyanide. Note 
result. 

(c) Acidify 25 c.c. of the albumin solution with acetic 
acid. 

1. To 5 c.c. of this solution add 2 drops of tannic acid 

solution. 

2. To 5 c.c. of this solution add 2 drops of picric acid 

solution. 

3. To 5 c.c. of this solution add 3 volumes of 95 per cent. 

alcohol. 

4. To 5 c.c. of this solution add MgS04 (salt) to saturation. 
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5. To 5 c.c. of this solution add (NHJj SO4 (salt) to satu- 
ration. 
Note results and see if the precipitation is complete in each 
case. 

(d) Acidify 10 c.c. of the albumin solution with HCl. 

1. To 5 c.c. of this solution add 2 drops of phosphotung- 

stic acid. 

2. To 5 c.c. of this solution add 2 drops of potassium- 

mercuric-iodide. 

(e) To successive portions of 5 c.c* of the albumin solution 
add a few drops of CUSO4; neutral and basic lead acetate; 
HgClj; trichloracetic acid. 

Make careful notes of the results of the above reactions, 
and where possible write equations. 

SIMPLE PROTEIDS. 

Albumins. 

(a) Coagulation. Heat 5 c.c. of the albumin solution and 
then add one or two drops of acetic acid. The albumin 
separates out in an insoluble, flocky (coagulated) form. Why 
is the addition of the acetic acid necessary? Try to dissolve 
the coagulum in some of the ordinary proteid solvents. Make 
5 c.c. of the albumin solution faintly alkaline, and heat. Note 
dififerences. 

(6) To 10 c.c. of the albimiin solution add (NH4)2S04 to 
saturation. Note result and compare with experiment (c) 5, 
p. 11. Filter off the precipitate and test the filtrate with the 
Biuret test. 

(c) To 10 c.c. of the albumin solution add MgS04 to sat- 
uration. Compare this result with that of experiment (c) 4, 
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p. 11. Now add 2 drops of acetic acid. What is the precipi- 
tate? 

(d) Test the albumin solution for loosely combined sul- 
phur. 

(e) Warm some dried albumin in a dry test-tube to about 
100° C. Then try to dissolve it in water. Why does not the 
albumin coagulate by the heat? 

Globulins. 

(a) Try two proteid color reactions and three precipitation 
reactions; see if the solution will coagulate. 

(6) Globulins are insoluble in water but dissolve in weak 
salt solutions. They may be precipitated from such solu- 
tions by the removal of the salts by dialysis or by decreasing 
the percentage of salt in the solution by dilution. Pour the 
globulin solution, drop by drop, into a beaker full of water. 

(c) Start dialysis experiment (see demonstration). 

(d) Saturate 10 c.c. of the globulin solution with MgS04. 
Filter off precipitate (?) and test filtrate for proteid. Com- 
pare this reaction with the similar one for albumin. 

{e) Cool 10 c.c. of the globulin solution under the tap and 
let COj gas bubble through it. Note result. 

(/) Take 10 c.c. of blood-senmi and saturate it with MgS04. 
What is this precipitate? Filter, and to the filtrate add two 
drops of acetic acid. What is this second precipitate? Test 
both precipitates for proteid. 

Acid and Alkali Albumin. 

To 15 c.c. of the albumin solution add 10 drops of HCl and 
warm for 15 min. at 40° C. Cool. 

(a) Exactly neutralize one half of this solution with very 
dilute NaOH. What is this precipitate? Shake up the pre- 
cipitate and divide the solution into two parts. To the first 
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add a drop of NaOH and heat. To the other heat and then 
add a drop of NaOH. Explain the differences in results. 

(6) Try three characteristic proteid tests on the remaining 
solution: 

To 15 c.c. of the albumin solution add 10 drops of NaOH 
and warm for 15 minutes at 40° C. Cool. 

(a) Try the effect of heating this solution. 

(6) Neutralize the solution. 

(c) Try three characteristic proteid tests. 



COMPOUND PROTEIDS. 

Mucins (Gltcoproteids). 

Add 30 c.c. of saliva to 100 c.c. of 95 per cent alcohol. 

Filter off the precipitated mucm and make the following 
tests: 

(a) Try some color-reactions for proteids. 

(6) Dissolve some of the precipitate in weak NaOH and 
then add acetic acid drop by drop. Note results. 

(c) Boil the remaining precipitate for 10 minutes in a small 
flask with 50 c.c. of 5 per cent HCl. Cool, neutralize with 
NaOH and test for reducing body with Fehling's solution. 
Explain the result. 



ALBUMINOIDS. 

Collagen (Gelatin). 

Collagen occurs as the chief constituent of connective tis- 
sue (cartilage) and also as the organic matrix of bone (ossein). 
By boiling with water or weak acids, it is easily converted into 
gelatin, water being added to the molecule. The process is 
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one of hydration. Collagen is therefore the anhydride of 
gelatin. Collagen is very resistant to reagents, tending to 
dissolve it unchanged, so we will study its hydrated product 
gelatin. The bone from which the salts have been removed 
is cut up into small pieces and placed in an evaporating-dish 
half full of acidulated water. The mixture is kept boiling 
until the pieces of collagen, or in this case ossein, are dis- 
solved. (Add water from time to time as the solution con- 
centrates.) Upon cooling, the solution will gelatinize unless 
it contains less than 1 per cent of gelatin. 

Make the following tests, dissolving the jelly in hot water 
as it is needed: 

(a) Biuret; (6) Millon's; (c) Acetic acid and potassiimi 
f errocy anide ; (d) Tannic acid; (e) HCl or HjSO^; (/) Satu- 
ration with (NH4)2S04; {g) Loosely combined sulphur. 
Note and compare the results carefully with those obtained 
with albumin. 

Keratins. 

The chief constituent of hair, nails, hoof, horns, feathers, etc. 

Their main characteristic is insolubility, and large percent- 
age of loosely combined sulphur. 

Use horn shavings for the following reactions: 

(a) Loosely combined sulphur; (&) Millon's; (c) Xantho- 
proteic; id) Try its solubility in water, acids, and alkalies. 



MUSCULAR TISSUE. 

Reaction. — Test the reaction of living and dead muscle to 
litmus and congo red paper. Explain the differences in the 
results obtained. 



i 



MUSCULAR TISSUE. 15 

Proteids. 

Place 25 grms. of hashed fresh muscle in a beaker with 75c.c. 
of water and allow to stand, with frequent stirring for one hour. 
Strain off the muscle through some cloth (keep the residue) 
and filter the solution. Test the filtrate for proteid and de- 
termine the nature of such proteid. 

Myosin. 

Digest the above meat residue with 100 c.c. of 15 per cent 
NH4CI solution for twenty-four hours in a covered beaker. 
Then filter and use the filtrate for the following reactions : 

(a) Pour a little of the solution, drop by drop, into a beaker 
filled with water. Compare this reaction with a similar one 
under globulins. 

(6) Heat a few c.c. of the filtrate. Filter and test filtrate 
for Ca. 

(c) Saturate 10 c.c. of the filtrate with MgSO^. Filter and 
test the filtrate for proteid. 

(d) Try Millon's, Biuret, and Xanthoproteic tests. 

Nitrogenous Extractives. 

Creatin. — ^Extract 250 grms. chopped beef with 250 c.c. 
water for half an hour over the water-bath at 50° C. Strain 
through muslin as dry as possible and make a second extrac- 
tion in the same way, with an equal amount of water (save 
residue). Unite the two extractions, add 2 or 3 drops of 
acetic acid and evaporate to small volume. Remove the co- 
agulated proteids by filtration, and to the filtrate add carefully 
basic lead acetate, avoiding any excess ; the precipitate con- 
sists of phosphates, chlorides, sulphate, etc. Allow the pre- 
cipitate to settle and then filter. Warm the filtrate and pass 
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Hj^ through it to remove the excess of lead. Filter hot. 
The filtrate should be water-clear. Evaporate the filtrate on 
a water-bath to a thin syrup. Upon standing several 
days in a cool place crystals of creatin will deposit. Re- 
move the crystals, placing them in a small flask with 
10 c.c. dilute HjS04, and heat half an hour on the water- 
bath, keeping the volume constant. While still warm add 
BaCOj, in substance, to neutralization. Filter and evaporate 
the filtrate to 10 c.c. The creatin has been changed to crea- 
tinin. Write the equation. Perform the following tests with 
the solution : 

(a) Place 2 drops of the solution upon a watch-glass and 
add to it a few drops of an alcoholic solution of ZnClj,- 
allow to stand for several days and then examine the crys- 
tals imder the microscope. 

(6) WeyVs Reaction. — To 2 c.c. of the creatinin solution add 
three drops of a dilute solution, freshly prepared, of sodium 
nitroprusside. Then add, drop by drop, dilute NaOH. A 
ruby-red coIqt is produced which quickly changes to yellow. 
If the solution is now acidified with acetic acid and boiled, 
a green color is obtained, and upon continued boiling a precip- 
itate of Prussian blue settles out. 

(c) Treat some of the solution with a dilute solution of 
picric acid, and make it faintly alkaline with NaOH. The 
solution immediately becomes a deep red. Acetone responds 
to this test, but gives merely a yellowish red. 

Glycogen (CoHioOs)^. 

For extraction and preparation of glycogen from liver, 
muscle or scallop, see demonstration. 

Perform the following reactions with the solution thus 
obtained: 
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(a) Notice the color of the solution. Add 2 drops of the 
iodine solution to 5 c.c. of the glycogen solution. Warm 
gently and allow to cool. Note changes. 

(6) Test 5 c.c. of the solution with Fehling's solution. 

(c) To 5 c.c. of the solution add three volumes of 95 per 
cent alcohol. 

(d) To 5 c.c. of the solution add 5 drops of concentrated 
H2SO4 and boil for a few minutes. Neutralize with NaOH 
and test with Fehling's solution. What is this reducing 
substance? How could you prove it? 

(/) To 5 c.c. of the solution add a few drops of filtered 
saliva, and warm at 40° C. for a few minutes. Notice changes 
in the solution. Determine the character of the final re- 
ducmg body formed. 



BONE. 

Made up of organic matrix (ossein) and inorganic salts. 
Ossein has been studied under Collagen. 

Mineral CoNSTiruENTS. 

Incinerate 10 grms. of bone under the hood. Boil out the 
grayish residue with 25 c.c. of dilute HNOs, filter, and use the 
filtrate for the following tests : 

(a) Phosphoric add. — ^To 10 c.c. of the solution add 2 c.c. 
of the molybdic solution and warm in the water-bath at 75°C. 
until a canary-colored precipitate settles out. What is this? 
Filter ofiF on a small filter, wash once with very dilute HNOj, 
and then dissolve the precipitate upon the filter by adding 
dilute NH4OH drop by drop. To the filtrate add a few c.c. 
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SALIVARY DIGESTION. 

Chemical Characteristics. 

Collect about 50 c.c. of filtered saliva. 

(a) Test its reaction with litmus paper. To what is this 
due? 

(6) To a few c.c. of saliva add acetic acid, drop by drop, 
until a precipitate forms. (See under Mucin.) Filter ofif the 
mucin and test the filtrate for proteid. What is the result? 

(c) Allow a couple of drops of saliva to drop on a piece 
of filter paper. Then add a drop of ferric chloride to the 
paper where it is moist. Note color. Now add a drop of 
mercuric chloride. What is the result? For what substance 
are these tests? 

(d) Prepare a test-tube full of starch paste and allow it to 
cool to 40° C. Dilute the saliva five times and regulate the 
water-bath for 40° C. 

Amylolysis. 

Take 15 c.c. of the starch paste; add to it 1 c.c. of the 
diluted saliva and place the test-tube in the water-bath. 
Watch the digestion until the turbidity disappears and the 
solution becomes transparent. Then pour out into a clean 
tube 1 or 2 c.c. of the digesting solution and add a drop of 
iodine solution. What color is given? Replace the digestion 
in the bath. As the digestion proceeds remove successive 
portions (2 c.c.)' and test with the iodine solution. What 
successive variations in color do you obtain? Finally the 
iodine fails to give a color to the solution. This is called the 
achromic point; why? Test the remainder of the digestion 
with Fehling's solution. What is the character of the sugar 
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present? What causes these changes as mdicated by the 
iodme reaction? What are the successive hydrolytic products 
formed in the digestion? 

(e) Make up the following mixtures in separate test-tubes 
and keep them in the water-bath at 40° C, using in each case 
5 c.c. of the diluted saliva. 

1. Saliva + 10 c.c. starch paste. 

2. Saliva boiled and then cooled + 10 c.c. starch pastel 

3. Saliva neutralized with HCl + 10 c.c. starch paste. 

4. Saliva made acid with HCl + 10 c.c. starch paste. 

5. Saliva made alkaline with NaOH + 10 c.c. starch paste. 
In all these test-tubes note carefully the changes which 

are taking place from time to time, testing the rapidity of 
digestion by means of the iodine reaction. Determine the 
varying lengths of time necessary for the achromic point to 
be reached. 

After some time it will be noticed that in experiments 4 
and 5 the starch pastes have not changed; change the reac- 
tion in each to that corresponding to the normal saliva and 
again allow them to digest. What result? 

Make deductions from these test-tube experiments. 



GASTRIC DIGESTION. 

Tests for detecting hydrochloric add and lactic add sepa- 
rately and together. 

Test each of the following solutions with all the indicators 
mentioned below, and tabulate the results whether positive or 
negative. 

(a) 0.3 per cent HCl; (&) 0.05 per cent HCl; (c) 0.8 per 
cent lactic acid; (d) a mixture containing equal volumes of 
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*'a" and "e"; (e) a mixture containing equal volumes of "6" 
and a 2 per cent albimiose solution. 

1. LHmethylamidoazobenzolj N(CH8)2— CeH4— N=N— CeHg. 
Add one or two drops directly to the solution to be tested. 

Free mineral acid is indicated by a carmine-red color. 

2. TropcBolinOO, NHCCeHJ - CeH, - N = N - CeH, - 
SOjNa. Add one or two drops directly to the solution to be 
tested. Free acid is indicated by a red or reddish violet 
color. 

3. Congo red. — Use congo red paper, prepared by dipping 
filter paper into the alkaline indicator solution and drying. 
Free acid is indicated by the blue color. 

4. Gunzburg's Reagent (phloroglucin, 2 grms.; vanillin, 1 
grm.; alcohol, 100 c.c). Evaporate 2 drops of the solution 
to be tested with 1 drop of the indicator, in a porcelain dish , 
carefully y over a water-bath. Upon dryness the presence of 
free HCl is indicated by the development of a rose-red color. 

5. Boas' Reagent (resorcin, 5 grms.; saccharose, 3 grms.; 
alcohol, 100 c.c). Mix 3 to 5 drops of solution to be tested 
with the same amoimt of indicator and evaporate cautiously 
in a porcelain dish. Free acid is shown by a rose or Vermil- 
lion color. 

/COv /(OH), 

6. Alvsarin 8, G^/ >CflH< 

X^O^ ^OaNa 

Add 2 or 3 drops of the indicator directly to the solution. 

Indicator reacts yellow in acid and acid salt solutions, but 
red to violet in alkaline. 

This indicator is especially suited for the determination of 
the acidity of the urine by titration. 
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7. Phenolphthdlein, C^H 




CeH,OH 
CeH,OH 



Add 2 drops of the indicator directly to the solution. 

The indicator is colorless in neutral and acid reactions, but 
becomes red in the presence of alkalies. It shows the presence 
of free, combined, mineral and organic acids, and acid salts of 
all kinds. It therefore gives the total acidity. It may indi- 
cate acid reaction when dimethylamidoazobenzol shows alka- 
line. Explain this. 



Lactic Acid in the Presence of HCl. 

Uffelman's Reagent (1% carbolic acid solution faintly col- 
ored with FejCle). With this solution test solutions a, c, and 
d. Note carefully color changes and make deductions. 

Make a very dilute solution of FejCle in which the yellow 
color is hardly visible. Test solutions a, c, and d with this. 
Such a reagent is much more sensitive than Ufifelman's. Use 
the dilute ferric chloride solution in testing the following: 
H2NaP04; alcohol; saccharose and glucose. Make deductions 
as to the value of the test applied directly to gastric contents. 

In order that all chances for error may be avoided, lactic 
acid may be easily separated from disturbing conditions by 
shaking the stomach contents or gastric juice with ether in 
which the acid is soluble. 

Such an ether extract may be evaporated carefully on the 
water-bath and the residue taken up with water. 

As this ether extraction cannot contain any of the above 
substances, the presence of which in the stomach contents 
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might interfere with a correct diagnosis, a positive test for 
lactic acid in this case is decisive evidence of. its presence. 

Pepsin and Pepsinogen. 

1. A glycerin extract of a pig's gastric mucosa contains 
"pepsinogen. 

2. A 0.2% HCl extract of a pig's gastric mucosa contains 
'pepsin HCL 

3. A watery extract of a pig's gastric mucosa contains 
pepsin. 

Make use of these solutions numbered 1, 2, and 3 respect- 
ively, and in each test-tube add a piece of fibrin, keeping all 
at 40° C. in the water-bath. 

(a) Fibrin + 5 c.c. of 0.2% HCl. 

(6) " +5 c.c. of solution 3. 

(c) " + one drop of solution 1. 

(d) " +5 c.c. of solution 2. 

(e) " + one drop of solution 1+5 c.c. of 0.2% HCl. 
if) " +5 c.c. of solution 2 (the latter having pre- 
viously been heated to boiling and again cooled). 

{g) Fibrm + one drop of solution 1 (the latter having 
previously been heated to boiling with 5 c.c. water and again 
cooled) +5 c.c. of 0.2% HCl. 

Qt) Fibrin + 5 c.c. of solution 3+5 c.c. of 0.8% lactic acid. 
; {k) " + " " " 3+ " '' 1% oxalic acid. 

(m) " + " " " 3+3dropsconcentratedHCL 

(n) " + " " " 3+5 '' NaOH. 

(p) " + " " " 3+3 '' of bile. 

Note carefvUy, in each case, the relative rapidity with 
which the flock of fibrin is disintegrated. 
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Peptic Proteolysis. 

Make use of the solution which has been digesting at 40° C. 
for a week. Warm the solution in a beaker to boiling and note 
whether a precipitate fonns. Whether this is so or not, neu- 
tralize carefully and exactly with very dilute NajCOs. Filter 
off precipitate (?), if any, and while the filtrate is evaporating 
over the free flame in a porcelain dish test the precipitate as 
to its nature. What does the filtrate contain? When the 
solution is condensed to about 50-75 c.c. saturate while still 
hot with ammonium sulphate in substance. A yellow sticky 
mass will settle out, which, upon stirring with a glass rod, can 
be collected and stuck to the sides of the vessel so that the so- 
lution may be poured off from it into a beaker and the latter 
cooled under the tap. The sticky residue (proteoses) is to 
be dissolved in a smaU quantity of water and the resulting 
solution saturated with NaCl (rock salt). What proteose is 
precipitated? Filter and to the clear filtrate add two drops of 
acetic acid. Again filter off the precipitate (?). Upon satu- 
ration of this filtrate with (NH4)2S04 the presence of still a 
third proteose is shown. 

The first precipitate obtained by saturation with NaCl is 
Heterojrroteose. 

The second precipitate upon the addition of acetic acid is 
Protoproteose, and the third precipitate is Deuteroproteose. 
The filtrate after first saturation with ammonium sulphate 
contains peptone. 

This designation of the various precipitates does not indi- 
cate a sharp separation of these bodies by this simple method. 
The major part of these various fractions is, however, made 
up of the bodies indicated. 

Test the three proteose precipitates with Biuret, Heller's, 
heat and acetic acid, and acetic acid and potassium ferro- 
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cyanide reactions. Make a schema of the solubility and reac- 
tions of these bodies. Prove the following facts concerning 
the peptone solution: Peptones are not coagulable by heat, 
nor do they respond to Heller's test. Millon's, Xanthoproteic, 
Biuret, and Tannic acid reactions yield positive results. Tri- 
chloracetic acid reaction is negative, as is also the acetic acid 
and potassium ferrocyanide. 

Rennin. 

Make use of the rennin solution given and prepare four 
test-tube mixtures as follows, keeping them at 40° C. for fif- 
teen minutes: 

(a) 5 c.c. milk + 1 c.c. of rennin solution. 

(6) " " +"""''+ 2 c.c. ammon- 
ium oxalate. 

(c) 5 c.c. milk + 2 c.c. of rennin solution + 10 drops 0.3% 
HCl. 

(d) 5 c.c. milk + 2 c.c. of rennin solution + 10 drops 0.5% 
Na^COs. 

Note results carefully. (6) has not clotted. Heat it to 
boiling to kill the enzyme. Cool and add a few drops of cal- 
cium chloride solution. What is this precipitate which settles 
out of the solution? What are the effects of acids and alka- 
lies on the milk alone? 

PANCREATIC DIGESTION. 

Pancreatic digestion is the sum of three specific processes, 
Proteolysis, Steatolysis, and Amylolysis. 

Tryptic Proteolysis. 

Use pancreatic extract and prepare test-tube digestions in 
the water-bath at 40° C, as under gastric digestion. 
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1. Fibrin + 5 c.c. of pancreatic extract. 

2. " +5C.C. " " " +2c.c.0.5%Na,CO,. 
Compare the manner of action of the trypsin upon the 

fibrin to that of the pepsm. 

3. Fibrin + 5 c.c. of 0.5% Na^COa- 

4. " +5 c.c. " " " *' +5 c.c. pancreatic ex- 
tract which has been previously boiled and cooled. 

A pancreatic digestion has been prepared. 

Take 150 c.c. of the mixture and evaporate on the water- 
bath to 75 c.c. Now perfonn the same method for the 
separation of proteoses and peptones as in gastric digestion. 
Compare carefully the results obtained with those in the case 
of gastric digestion. The peptone solution must now be evapo- 
rated on the water-bath until crystallization begins to occur. 
Then allow to cool and examine under the microscope the 
crusts formed. Sketch the tyrosin. Filter the solution and 
allow it to evaporate still further. A second crop of crystals 
will be formed, among which look for those of leucin. What 
are the diflFerences between peptic and tryptic proteolysis? 

Tyrosin. CH^'CH-COOH. 
\CeH,OH 

Use the powder given. 

1. Try to dissolve some in cold, then warm water. Then 
add about 5 c.c. of Millon's reagent to the test-tube and 
warm. Why is this result positive? 

2. PvMs Test. — Place a speck of the tyrosin powder upon 
a small watch-glass with two drops of concentrated H2SO4 and 
warm for half an hour on the water-bath. Then transfer it 
with about 15 c.c. water to a test-tube and neutralize with 
BaCOa in substance. Filter and add a few drops of weak 
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ferric chloride (neutral). A positive test is evidenced by the 
formation of a violet color. 

CH3V /NH. 

Leucin. >CH • CH, • CH ^ 

Make use of powder given. 

1. Place a little in a clean dry test-tube and warm carefully. 
The leucin sublimes, without melting, on the cold parts of the 
tube. If the powder is heated too high or suddenly, the sub- 
stance is decomposed and the odor of amylamine (?) is given 
oflf. 

2. Scherer's Test, — Heat a Uttle leucin with two drops of 
concentrated HNO3 upon a platinum foil over a free flame 
imtil a colorless residue is obtained. Then add two drops of 
NaOH and evaporate carefully in the flame. The mass be- 
comes dark red in color and rolls around on the foil like an 

oil-drop. 

Steatolysis. 

1. To 5 c.c. of the pancreatic juice add two drops of litmus 
solution and a few drops of neutral olive-oil. Put test-tube in 
water-bath at 40° C. 

2. Instead of olive-oil, make the same experiment using 
ethyl butyrate. 

3. Repeat experiment 1, with the exception that the ex- 
tract has previously been boiled. Compare and note these 

results carefully. 

Amylolysis. 

To 10 c.c. of starch paste add 5 c.c. of pancreatic extract, 
and place in the water-bath at 40° C. Test from time to time 
with the iodine solution as you did imder salivary digestion. 
Do you get an achromic point? Finally test for a reducing 
sugar. What is the character of this? 
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BILE. 

Note the color, consistency, and reaction of the samples 
presented. 

Notice the color diflferences between the ox and dog bile. 
Use the diluted bile for the following reactions: 

1. Add acetic acid drop by drop to 5 c.c. of the bile. Is this 
precipitate mucin? How could you prove it? Filter and test 
the filtrate for proteid. What is the most suitable test? 

2. To 5 c.c. of olive-oil add 10 c.c. of water and shake thor- 
oughly. Allow it to stand in the rack. 

3. To 5 c.c. of olive-oil add 10 c.c. of diluted bile. Allow 
this to stand. Compare the permanency of the emulsion. 

4. To 10 c.c. of a gastric digestion mixture add diluted bile, 
drop by drop. What is this precipitate and its significance? 

Conjugate Bile Acids. 

These are present as the sodium salts of taurocholic and 
glycocholic acids. 

Pettenkofer's Test. — Place 5 c.c. of concentrated H^SO^ in 
a clean dry test-tube. In another test-tube place 5 c.c. of 
diluted bile to which has been added a few drops of a 2% 
cane-sugar solution or a solution of furfurol (?) 1 : 1000. 
Pour the diluted bile carefully down the sides of the tube 
containing the H2SO4 so that the two fluids do not mix. 
(Method of stratification.) Notice the coloration at the line 
of contact of the two solutions. Shake the tube sligfUly, 
allowing a little more of the bile to come in contact with the 
H2SO4. The temperature must never rise above 70° C. To 
avoid this cool the tube imder the tap. Upon careful mixing 
and cooling as described above, the whole solution finally 
becomes a cherry-red to reddish purple. Such a solution 
shows a definite and characteristic spectrum which distin- 
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guishes it from other substances, giving the same reaction, 
such as phenol, petroleum, fusel-oils, pyrocatechin, and 
cholesterin. 

Bile Pigments. 

Bilirubin and BUiverdin. — Camivora have larger quantities 
of bilirubin in their bile, while that of Herbivora contains 
biliverdin m predominant amounts. 

Gmelin's Test. — Stratify 5 c.c. of yellow HNOj and 5 c.c. 
of diluted bile as explained in the previous experiment. 
Notice the play of colors at the junction of the two liquids 
— ^green, then blue, violet, red, and yellow. To what are 
these colore due, and what specific substances do they indi- 
cate? 

Smith's Test. — Stratify 5 c.c. of diluted bile and 3 c.c. of 
tincture of iodine. Notice the bright green ring. 

Hupperfs Test. — ^To 10 c.c. of bile add an equal volume 
of milk of lime and shake thoroughly. Filter oflf and after 
washing once with water remove the precipitate (?) to a small 
beaker with 25 c.c. of alcohol acidulated with a few drops of 
H2SO4. Warm the beaker in a water-bath imtil the alcohol 
begins to assume an emerald-green color. What is the chem- 
istry of this reaction? 

Hammarsten's Test. — Hammarsten's reagent consists of 1 

vol. HNO3 + 19 vol. HCl. To 5 c.c. of this reagent add five 

drops of diluted bile. A green color immediately develops. 

Upon the further addition of the reagent in small quantities 

to the mixture, the same play of colors may be obtained as in 

Gmelin's test. 

• 

Analysis of a Biliary Calculus. 

Place some of the pulverized calculus in a clean dry test- 
tube with 15 c.c. ether. Shake thoroughly. Filter off the 
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ether through a dry filter and funnel and allow it to evaporate 
in the air in a porcelain dish. What is the residue? 

Salkowski^s Test for Cholesterin. — Dissolve a small quantity 
of the cholesterin in a few c.c. of chloroform and add an equal 
volume of concentrated H2SO4. The acid solution takes on 
a greenish fluorescence and the chloroform becomes red. 

Remove all the residue of the calculus remaining in the test- 
tube to the filter-paper used above by means of a 10% HCl 
solution. Then wash the precipitate upon the paper once 
with water and dry the paper in the funnel. 

When dry pass through the filter over and over about 
10 c.c. of chloroform imtil it assumes a yellowish color, due to 
its solvent action on the bilirubin. Finally allow a few c.c. of 
fresh chloroform to flow through the funnel, and uniting this 
with the original extract, let it evaporate in the air. 

Use this for the following tests: 

1. Gmelin's. 

2. Shake a part of the chloroform extract with a dilute 
solution of NaaCOg. Notice changes in the alkaline aqueous 
solution. 

3. Expose the aqueous solution of bilirubin to the air. 
What changes take place here? 

To the residue of calculus still on the paper pass through 
over and over about 10 c.c. of ether. What does the ether 
extract? Evaporate oflf the ether by gently blowing on it. 
Notice the color of the residue and compare it to the bilirubin 
residue. 

BLOOD. 

General Reactions. 

Test its reaction with Utmus-paper previously moistened 
with a solution of concentrated NaCl. To what is this reac- 
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tion due? Specific gravity — see Hammarsten, p. 157, Ham- 
merschlag's method. 

Examine a drop under the microcsope. 

1. To 5 c.c. of blood add 10 c.c. of water. Notice changes 
in the solution and examine under the microscope. What 
is laky blood? 

2. To 5 c.c. of blood add 10 c.c. 0.8% NaCl. Examine also. 
What is meant by a solution isotanic with blood? 

3. Add a few drops of bile, chloroform, and ether to succes- 
sive portions of 5 c.c. of blood. 

4. To 5 c.c. of blood add a few c.c. of hydrogen peroxide. 
To what is the frothing due? Then add a few drops of tinc- 
ture of guaiaciun. 

Blood Serum. 

1. Heat half a test-tube full of serum to boiling with the 
addition of a drop or two of acetic acid. Filter and test 
filtrate and precipitate for proteid (Millon's and Biuret 
reactions). Retain the filtrate. 

2. Stratify 5 c.c. of serum with 2 c.c. of trichloracetic acid 
solution. 

3. Stratify 5 c.c. of serum with 2 c.c. of Spiegler's re- 
agent(?). 

4. Acidify 5 c.c. of serum with acetic acid and add potass- 
ium ferrocyanide. 

5. Test a few c.c. of the proteid-free filtrate from Experi- 
ment 1 for sugar. 

6. Allow a drop of the filtrate (Experiment 1) to evaporate 
on a watch-glass over the water-bath. Examine imder micro- 
scope. NaCl? 

7. Test a few c.c. of the filtrate for chlorides. 

8. To a few c.c. of oxalated plasma (?) add a few drops of 
8% CaClj. What is the result? Why? 



32 LABORATORY NOTES FOR PHT8I0L0OIOAL CHEMIBTRT. 

9. Dilute 2 c.c. of salted plasma (?) with 10 volumes of 
water. What happens? 

10. Do the same to serum. What is the difference and why? 

11. How would you identify in the serum the presence of an 
albumin and globulin? 

Make a list of all the substances which the above reactions 
have demonstrated. 

Fibrin. 
Apply 3 color-proteid tests. 

OXYHJEMOGLOBIN. 

Place on a glass slide one drop of defibrinated dog's blood. 
To this add one drop of water and mix with a platinum wire. 
Allow the mixture to evaporate at room temperature imtil the 
edges of the drop have begun to dry. Then place a cover-glass 
on the slide and examine under the microscope. Sketch the 
crystals of oxyhaemoglobin. 

HiEMIN — ^TeICHMANN's CRYSTALS. 

Hsemin is the HCl ester of the anhydride of haematin. 

Place one drop of NaCl solution upon a microscopic slide 
and allow it to evaporate to dryness. Then add a very small 
drop of blood and two drops of glacial acetic acid and cover 
with a glass. Warm cautiously until bubbles of gas begin to 
form in the mixture imder the cover-glass. Examine and 
sketch imder the microscope. The haemin crystals are rhom- 
bic plates, brown in color by transmitted light. In large 
quantities they have a metallic lustre and appear steel-blue 
by reflected light. 
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Spectroscopic Examination. 

(a) Oxyhcemoglobin. — Dilute 1 c.c. of blood with 100 c.c. 
of water. Examine spectroscopically. At this dilution one 
broad absorption band is seen extending from the D line (?) 
(588) to 6 (518). The violet end of the spectrum is also 
absorbed to F (48^). Upon diluting this strength solution 
with an equal volume of water and examining, it is noticed 
that the broad band has resolved itself into two, the one next 
to D narrower and more intense than the broader one to the 
right. Between the two bands is a green interspace. Less of 
the violet end is now absorbed. Upon further dilution, the 
bands gradually disappear simultaneously. 

(6) Hoemoglobin {Reduced Hcemoglobin.) — Prepare some 
Stokes^ reagent as follows: Dissolve 3 grams of ferrous sul- 
phate in a small quantity of water and add to it in watery 
solution 2 grams of tartaric acid. Make up the mixture 
to 100 c.c and just before using add NH4OH until the pre- 
cipitate which at first forms is dissolved. This solution of 
ammonium ferrotartrate is a reducing agent, removing the 
oxygen which is in weak combination with the oxyhse- 
moglobin, forming reduced haemoglobin. To the 100 times 
diluted blood add a few drops of Stokes' reagent. Notice 
change in color. Examine in the spectroscope. A broad 
less sharply defined absorption band is seen occupying as 
much space on the spectrum as the two bands of oxyhaemo- 
globin, but the haemoglobin band is moved further to the left. 
If this solution is shaken in the air the color returns to that 
of oxyhaemoglobin and the latter's characteristic spectrum 
also reappears. 

(c) Methcemoglobin. — Add to blood (diluted 1 :15) two drops 
of a freshy prepared solution (10%) of potassium ferricyanide. 
The color of the blood becomes brown. The spectrum, in 
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addition to two bands corresponding nearly to those of 
oxyhaemoglobin, which, however, are only faintly seen, shows 
a band in the red near to C If to such a solution, while 
still in position before the spectroscope, a drop or two of 
Stokes' reagent is added, the characteristic absorption bands 
of oxyhaemoglobin appear for a second and are then quickly 
replaced by those of haemoglobin. Shaking in the air causes 
the latter to be reoxidized to oxyhaemoglobin with the conse- 
quent spectrum change. 

(d) Hoemochromogen, or Reduced Hcematin, — To blood 
(diluted 1 :15) add two or three drops of strong NaOH and 
warm gently until the color changes to a brownish green. 
Then cool and add two drops of Stokes' reagent. Such 
a solution shows in the spectrum two very dark bands 
coincidmg apparently [with those of oxyhaemoglobin; upon 
careful examination, however, it will be seen that green light 
appears on the left of the left band and consequently both 
bands are moved further to the right than the oxyhaemoglobin 
ones. 

(e) Hcematoporphyrin (Iron-free Hcematin), — Place a few 
c.c. of concentrated H2SO4 in a test-tube and add a drop of 
blood, mixing well. The color changes to wine-red and spec- 
troscopically the solution shows two bands on the opposite 
side of the D line. The one to the left is narrower and weaker, 
while that to the right is much more intense, broader, and 
more sharply defined. This spectrum is very characteristic. 

(/) Carbon Monoxide Hcemoglobin. — Carbon monoxide 
haemoglobin may be prepared by passing ordinary iUumina- 
ting-gas through defibrinated blood imtil the latter assumes a 
carmine or cherry-red color characteristic of the combination 
of CO with haemoglobin. Examined spectroscopically such a 
solution shows two bands similar to oxyhaemoglobin except 
that the bands of the CO-haemoglobin spectrum are nearer to 
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the violet end. Add Stokes' reagent to the solution; the 
spectrum remains unchanged. 

Make the following tests, first with diluted blood (oxy- 
haemoglobin) and then with diluted CO-haemoglobin; note the 
differences carefully: 

1. Add to 5 c.c. df the blood 3 c.c. (NH4)2S. 

2. '' " " " " " 10 c.c. of Stokes' reagent. 

3. '' " " " " " 10 c.c. of a 20% potassium fer- 
rocyanide and 3 c.c. of acetic acid. 

4. Shake with air. 

What is characteristic and important in the combination of 
CO and haemoglobin as shown by the above experiments? 
Make drawings of all the spectra seen and compare them with 
those in the text-books. 
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1. Examine under the microscope fresh milk and skinmied 
milk. What are the differences? 

2. Take the specific gravities of the two and explain the 
differences. 

3. Test the reaction with litmus-paper. 

4. Saturate 10 c.c. of milk with MgS04. What is the 
precipitate? 

5. Shake 5 c.c. of milk with ether. What takes place? 
Now add a few drops of NaOH. Explain this change. 

Qualitative Separation op the Constituents of Milk. 

Dilute 100 c.c. of milk with 400 c.c. of water and add dilute 
acetic acid drop by drop imtil a white flocky precipitate (?) 
separates out, leaving a fairly clear solution. Allow the pre- 
cipitate to settle; then filter it off and let it drain as dry as 
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possible. Remove the white precipitated caseinogen from 
the paper and place it in a flask with 100 c.c. of a mixture one 
half ether and one half alcohol. Allow the precipitate to 
stand in contact with the ether for an hour, shaking from 
time to time. Then filter off the ether mixture and allow it 
to evaporate spontaneously. The residue consists of most of 
the fat of the milk, mechanically precipitated adherent to the 
caseinogen. Keep both the caseinogen and the fatty residue. 

Place the filtrate from the first acetic acid precipitation in 
an evaporating-dish and boil over a free flame. The solution 
being acid, any coagulable proteid not precipitated with the 
acetic will be rendered insoluble by the heat. This may be 
filtered off (keep) when the solution is evaporated to about one 
half its original volume and the clear filtrate again set evap- 
orating until crystals (?) begin te appear, separating out of 
the solution (now about 20 c.c). 

After allowing the solution to cool, filter off the crystals of 
calcium phosphate and again place the filtrate over the water- 
bath and allow it to evaporate to a thick syrup. Of what is 
this composed? 

From the milk have now been isolated — 

1. Caseinogen. 2. Fat. 3. Coagulable proteid. 4. Calcium 
phosphate. 5. Lactose. 

Caseinogen. 

(a) Make three color-proteid tests. 

(b) Test for phosphorus. 

(c) Dissolve some in very dihde NH,OH and reprecipitate 
with acetic acid. 

Fat. 
f^\ -Di^na ;,, the evaporating-dish which contains the fatty 
of sodium alcoTiolate (NaOH dissolved in alco- 
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hol) and put the dish over the water-bath. Heat the mixture, 
adding alcohol from time to time to replace that lost by evap- 
oration, imtil a drop is found to be soluble in water. What 
is this procedure called? Write the equation. Now evap- 
orate oflf the alcohol, replacing it by water, and when this is 
completed add dilute H2SO4 until the precipitation is finished. 
Notice odor. To what is it due? Write this equation. 

Proteid. 
Make three color-proteid tests. 

Calcium Phosphate. 

Dissolve some in dilute HNOj. 

(a) Add an equal volume of ammonium molybdate and 
warm to 70° C. What is the precipitate? Filter and dis- 
solve in NH4OH and reprecipitate as ammonio-magnesiiun 
phosphate. 

(6) Make a portion of the HNO3 solution alkaline with 
NH4OH and reacidify with acetic acid. Add a few c.c. of 
ammon. oxalate. Examine microscopically. 

Lactose. 

(a) Make Fehling's, Moore's, and Nylander's tests. 

(fc) Place 5 c.c. of the lactose solution in a test-tube and add 
a few drops of NajCOs. Then drop in a little freshly pre- 
pared potassium ferricyanide. On heating, a colorless solution 
results. Is this reaction characteristic of lactose alone? Ex- 
plain its chemistry. 

(c) Make fermentation test. 
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URINE. 

Physical Properties. 

The following comprise the important physical properties 
of m'ine to be specially noted in an examination: 

Cohrr. — ^Refer to Vogel's color chart. Relatively unimpor- 
tant miless the color is other than that of some shade of 
yellow. 

Odor. — ^Normal, ammoniacal, or that peculiar to some sub- 
stance not normally present, as acetone, methyl mercaptan, 
etc. 

Transparency. — Clear or cloudy. Usually upon standing, 
a cloud of mucus-like substance separates, suspending itself 
in some part of the urine. 

Reaction. — ^Acid, neutral, or alkaline. 

Free acid is never present, the normal acidity being due to 
the presence of acid salts such as H2NaP04. HNa2P04 is also 
present, and by a proper relationship between the dihydrogen 
and monohydrogen phosphate a neutral or amphoteric re- 
action may prevail (Litmus). Under normal conditions the 
24-hour urine is never alkaline. Portions of such urine 
drawn a few hours after digestion may react alkaline, due to 
the withdrawal of acidic radicals from the blood in the forma- 
tion of the acid gastric juice. Alkaline urine may be caused 
by free or fixed alkalies. When this is the case the urine is 
always cloudy or turbid. Care should be taken that the 
observed alkalinity is not due to decomposition after drawing. 
Volatile alkalies such as ammonia react blue to litmus, but 
upon warming the paper the red color returns. This will 
not occur if the reaction is caused by a fixed alkali. Organic 
acids are burnt in the body to carbonates and the latter 
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decrease the acidity, sometimes, in fact, causing an alkaline 
reaction to appear. 

Specific Gravity. — ^Varies considerably from 1015-1025. It 
is dependent upon the amoimt of water ingested and that 
excreted by the bowels, skin, and breath. 

-Determination is made by means of the urinometer (hy- 
drometer). If there is a sediment the urine must be warmed, 
filtered, and allowed to cool. 

Place the cylinder upon the table and fill it to within an inch 
of the top with urine; then immerse the urinometer. Read 
off on the graduation of the spindle the place where the men- 
iscus of the fluid cuts it. 

Sediments, — ^Notice should be taken as to their color, 
amoimt, character, etc. The method for the determination 
of the identity of such will be taken up later. 

Total Solids. — ^These may be calculated approximately by 
multiplying the second and third decimals of the specific grav- 
ity by Haser coefficient =2.33. This gives the number of 
grams in 1000 c.c. of the m-ine, from which must be calculated 
the total amount in the 24 hours. 

Tests for Normal Constituents op Urine. 

Inorganic Acidic Radicals. 

(a) Chlorides. — ^These are present combined principally 
with Na and K. Acidify some of the urine with HNO3 and 
add a drop of AgNOg. Prove that this precipitate is AgCl. 

(&) Sulphates. — ^These occur in two forms, viz., preformed 
or sulphate sulphuric acid and ethereal or combined sulphuric 
acid. The former precipitates directly from the urine by the 
addition of BaCla in an acid reaction, the latter only after 
previously boiling the urine with a mineral acid. Acidify 
some urine with acetic acid and add a few drops of BaClj. 
Prove that this precipitate is BaS04. Filter (filtrate must be 
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dear). To this add a few c.c. of concentrated HCl and boil 
a few minutes. Then add a few c.c. of BaClj. A turbidity is 
indicative of the presence of ethereal sulphates. 

Sulphur m the unoxidized, organic, or neutral form may 
also be present in the urine as a constituent of taiu*in, cystin, 
KSCN, etc. Place some urine in a flask with a few pieces of 
pure zinc and add enough HCl to cause a gentle evolution of 
gas. Partially close the mouth with a piece of filter-paper 
moistened with lead acetate. In the presence of organic sul- 
phur the paper is blackened. Explain this. 

(c) Phosphates. — ^These are present combined with NH^, Na, 
K, Ca, and Mg as primary, secondary, or tertiary compounds. 

1. Make some urine alkaline with NH4OH. What is the 
precipitate? Filter and to the clear filtrate add two drops 
of BaClj. What is this new precipitate? Filter this off 
through the same filter as the first and dissolve the whole 
precipitate in dilute HNOg. Test for phosphates. 

2. Make the urine acid with acetic acid and add a few 
drops of m^anium nitrate solution. Of what is the precipitate 
composed? 

3. Acidify the urine with a few c.c. of HNO3 and add some 
molybdic solution. Warm at 80° C. What is this precipitate? 

4. Boil about 10 c.c. of the urine with one quarter its vol- 
ume of Fehling's solution. Notice the color of the precipitate. 
To what is it due? Then boil 10 c.c. of Fehling's solution 
with one quarter its volume of urine. What occurs? Con- 
trast these two experiments. Write all the equations for the 
reactions in the above experiments. 

Basic Radicals. 

With the exception of NH^ these have Uttle or no chemical 
significance. The proof for the presence of ammoniacal com- 
poimds will be taken upimder the quantitative determinations. 
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Organic Constituents. 
Urea. C0< 

Make use of the synthetic urea crystals for the following 
reactions: 

(a) Dissolve some urea in a few c.c. of water. Place in 
each of two watch-glasses one drop of the solution. To one 
add one drop of HNO3 ^^^d to the other a drop of concentrated 
oxalic acid solution. Allow them to stand and th^n examine 
the crystals imder the microscope. What are these com- 
poimds? 

(6) Warm carefully a few crystals of urea in a dry test- 
tube. The substance melts, giving off NHg. Continue heat- 
ing imtil the fused mass solidifies. Cool the test-tube and add 
a few c.c. of water and NaOH drop by drop imtil the residue 
is all in solution. Add now a drop or two of very dilute 
CUSO4 solution. To what reaction does this correspond? 
What substance is formed from the urea? Write the equa- 
tion. 

(c) To 5 c.c. of NaOH add some bromine water and drop 
in a crystal of urea. What is the reaction which takes place? 

HN— CO 

I I H 
Uric acid. CO C— N^ 

CO 



HN— C— Njj 

Make use of the crystals which have been collected from 
acidifying the normal urine. 

1. Examine crystals imder the microscope. Sketch vari- 
ous crystals. 

2. Test solubility in water, NaOH and NH4OH. 
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3. Dissolve some of the crystals in a few c.e. of dilute NaOH 
and add NH4CI to saturation. What is the precipitate? 

4. Heat a crystal on platinum foil. 

5. Dissolve some uric acid in a small quantity of dilute 
NaOH. Add concentrated H2SO4 carefully drop by drop 
until the solution is too warm to touch; then add potassium 
permanganate. What is the reaction which takes place? 

6. Make a concentrated solution of uric acid and pour it 
into 10 c.c. Fehling's solution which has previously been 
brought to boiling. Observe and note result. 

7. Dissolve some uric acid in dilute NajCOs and place a 
couple of drops on some filter-paper previously moistened 
with AgNOj. To what is the blackening due? 

8. Murexide Test. 

Place a couple of crystals in a clean dry evaporating-dish 
and pour upon them two drops of concentrated HNOj. 
Evaporate to dryness very carefully over a free flame. A 
yellowish residue results which upon cooling and the addition 
of a drop of NH4OH becomes purple-red. If NaOH instead 
be used the color will be purple-violet. 

NBs. 
Indican= potassium indoxyl sulphate. CgH^/^ ^^CH 

X!^— SO2OK 

The following tests are based upon the oxidation of the 
indican to indigo. 

1. Jaffe's Test. — To about 10 c.c. of urine add 2 or 3 c.c. 
of chloroform and mix well with an equal volume of con- 
centrated HCl. Then add drop by drop, shaking well between 
each drop, a concentrated solution of chloride of lime. The 
indigo (?) is dissolved by the chloroform. 

2. Obermayer^s Test. — Perform the test in the same manner 
except instead of concentrated HCl and lime add an equal 
volume of Obermayer's reagent (cone. HCl+Fe.jCle). 
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3^ Hammarsten'^ Test. — ^The same test, using Hammar- 
sten's reagent (?). Compare results. 

Urobilin. 

1. To 5 c.c. of urine add 3 drops of basic lead acetate. 
Shake thoroughly. Of what is the voluminous precipitate 
composed? Filter; notice that the filtrate is colorless and 
clear. In what way is the coloring matter of the mine 
precipitated? 

2. To 50 c.c. of urine faintly acidified with H2SO4 add am- 
monium sulphate (in substance) to saturation. Filter off the 
precipitate and dissolve it in alcohol containing a few drops of 
concentrated HCl. What sort of a body is urobilin? 

3. To 50 c.c. of urine add an equal mixture of neutral and 
basic lead acetate imtil the precipitation is complete. Filter 
and allow the precipitate to drain as dry as possible. Then 
place it and the filter-paper in an evaporating-dish half full of 
95% alcohol acidulated with HCl. Warm over the water-bath 
until the alcohol is well colored. Filter and examine the solu- 
tion in the spectroscope. Evaporate off the alcohol and re- 
place it by water to which a few drops of NH4OH has been 
added; now add some zinc chloride solution. Note the fluor- 
escence. 

Phenol. 

Treat the urine with ^ its volume of dilute H2SO4 and distil 
off -^ of the volume of the solution. Use this distillate for 
the following reactions: 

1. Add some Millon's reagent to a little of the solution. 
Warm, Compare this with test imder proteid and tyrosin. 

2. To a few c.c. of the solution add a trace of neutral ferric 
chloride solution. When did you use this reaction before? 
Add a drop of HCL 
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3. To5 C.C. of the solution add a few c.c. of bromine water. 
What is this yellow precipitate? 

Oxalic Acid. 
To 500 C.C. of urine add 5 c.c. of CaCl, solution. Then make 
slightly alkaline with NHjOH and finally acid with acetic 
acid. After standing 24 hours collect the precipitate (?) 
upon a small filter. Treat the precipitate with 10 c.c, of very 
dilute HCl. Some of the precipitate dissolves. What re- 
mains? Filter and to the filtrate made again first alkaline 
with NH,OH and then acid with acetic acid, add CaCl, 
(few c.c.) and allow to stand. Examine the crystals under 
the microscope. 

QUANTITATIVE DETERMINATIONS. 
Chlorides. 
The principle of the method is the following: 
To the urine is added an excess of AgNOj over and above 
what is necessary to precipitate all the chlorides present. 
The excess of Ag is then determined by means of a sulpho- 
cyanide solution, using iron alum as an indicator. 



1. A AgNOj solution, each c.c. of which precipitates 0.01 
grm. NaCl (29.075 grms. AgNO, in a liter). 

2. A saturated solution of iron alum. 

3. Chlorine-free HNO, of a specific gravity 1.2. 

4. A potassium sulphocyanide solution of which 2 c,c. co> 
responds to 1 c.c. of the known AgNOg solution. 

Method: Prepare a clean and dry graduate. By means of a 

pipette measure off accurately 5 c.c. of urine and run it into 

the graduate. Add 3 c.c. of the HNOj and dilute with water 

;. Then allow exactly 10 c.c. of the known 
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AgNOg solution to flow in. Mix the solution well and fill up 
with water to 50 c.c. on the graduate. Transfer this now to a 
dean and dry beaker and clean and dry the graduate again. 
Prepare also a clean and dry funnel with paper and filter the 
mixture in the beaker into the graduate. When 25 c.c. of a 
water-clear filtrate has passed through remove the fimnel to 
a test-tube. Add 10 drops of the iron alum to the graduate 
and titrate with the known potassium sulphocyanide until 
the first tinge of red appears in the solution. 

Calculate the amount of chlorine or NaCl in the 5 c.c. of 
the urine used. 

Sulphates. 

The sum of the preformed and ethereal sulphates makes up 
the total sulphate. The procedure for the determination of 
these various imits rests upon the following facts: 

Boiling the urine with dilute HCl liberates all the sulphate 
radicals present, in such a form that they may be precipitated 
with BaClj as BaS04. This gives the amount of total sul- 
phate. If acetic acid be used instead of HCl, the resulting 
precipitate with BaClj will be made up of the preformed or 
sulphate-sulphate. This may be filtered off and the filtrate 
treated as for the total sulphates, the result being the amount 
of ethereal sulphates present. The difference between this 
and the total will be the amount of the preformed sulphate. 

Total Sulphates. 

In a clean beaker place 50 c.c. of urine and dilute it with 
100 c.c. of water, adding 5 c.c. of HCl. Heat just to boiling 
and after adding 10 c.c. of the BaClj solution allow to cool 
and stand covered in a cool place for 24 hours. Filter through 
a small ash-free filter; the precipitate must be removed quan- 
titatively from the beaker to the paper by means of warm 
water. Now wash the white precipitate with water until the 
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washings give no test for chlorine; then dry at 100** C. 
When dry, sUp out the paper from the funnel, fold it up so 
that the contained sulphate cannot fall out and place it in a 
porcelain crucible which has previously been ignited and 
weighed. Ignite the paper in the crucible carefully and 
burn until the residue (?) is white. Cool the crucible and 
weigh. The difference in the two weights will give that of the 
BaS04, from which may be calculated the SO4 in the total 
day's urine. 

Phosphates. 

The sum of the alkaline and earthy phosphates equals the 
total phosphate. 

Total Phosphate. 

The procedure is based upon, the quantitative precipita- 
tion of aU the phosphates in the urine with uranium nitrate, 
as uraniimi phosphate, using potassium ferrocyanide as 
indicator. The phosphates must be present as acid salts. 

Reagents necessary: 

1. A uranium nitrate solution 1 c.c. of which equals 0.005 
P2O6 (35.461 grms. in a liter). 

2. An accessory solution (100 grms. of sodiimi acetate and 
300 grms. of acetic acid in a liter). 

3. A solution of potassium ferrocyanide. What is the 
reaction which indicates the absolute precipitation of all 
the P2O5? 

Method : Place 25 c.c. of urine in a large evaporating-dish, 
add 5 c.c. of the accessory solution (why?) and warm gently 
over an asbestos board. Keeping the solution warm, add the 
known uranium nitrate solution from a burette, from time to 
time removing a drop of the urine on the end of a glass rod 
and adding it to a drop of the potassium ferrocyanide which 
has been placed upon a white porcelain dish. When all the 
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PjOs has been precipitated by the uranium and the first ex- 
cess of the latter appears in the urine solution, the drop of 
indicator on the plate when tested as above will take on a 
"permanent faint reddish-brown color. It is important that the 
color be permanent. If the color disappears upon standing, 
more uranium must be added and retested. 
Calculate the total amount of PjOg in the 24-hour urine. 

Earthy Phosphates. 

Place 50 c.c. of urine in a beaker and make it alkaline with 
NH4OH. A precipitation of the earthy phosphates occurs. 
Allow this to stand for a couple of hours and then collect the 
precipitate upon a small filter. After having washed the 
precipitate with very dilute NH4OH transfer it quantitatively 
to an evaporating-dish by means of acetic acid (1:2), which 
dissolves the P2O6. Dilute the solution to about 25 c.c. and 
titrate as outlined under total phosphates. The difference 
between this amount and that of the total will be the amount 
of alkaline P2O6. 

Phosphorus exists in the urine also in organic combination 
probably as glycero-phosphoric acid. This form is not pre- 
cipitated by uranium nitrate. Determination is made by 
evaporating the urine to dryness, fusion of the residue with 
fusion mixture, and final solution of the resulting mixture in 
water made acid with acetic acid. The titration of such a 
solution with uranium nitrate will give the amount of total 
phosphorus in the urme. 

Determination of the Acidity of the Urine. 

The degree of acidity of a urine is dependent upon the ratio 
between the mono- and dihydrogen phosphates present. 
The monohydrogen (HM2PO4) phosphates are precipitated 
by BaCl2, while the dihydrogen (H2MPO4) phosphates, in the 
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dilution in which they are present in the urine, remain in solu- 
tion. If the former, therefore, be removed by precipitation 
with BaCla and filtration, and the PjOg in the filtrate be deter- 
mined by titration with uranium nitrate, the difference be- 
tween this figure and the amount of total phosphate will 
determine the amount of the monohydrogen phosphate 
which was precipitated with BaCl,. A ratio can thus be 
established between the two. 

Method : Treat 75 c.c. of urine with 15 c.c. of BaCl, and 
mix thoroughly in a beaker. Filter through a dry filter until 
60 c.c. of a clear filtrate is obtained. Determine the PjQs in 
this as under total phosphate. Then determine the ratio 
between the mono- and dihydrogen phosphates. Make 3% 
correction (?). 

Total NrrROGEN (Kjeldahl). 

This method embraces the determination of nitrogen com- 
bined with hydrogen, as N=H, NHj, and NHj. 

The principle of the method consists in the decomposition 
of the nitrogenous bodies by means of H2SO4, during which 
process the carbon is oxidized to CO, and the hydrogen to HjO. 
The nitrogen is converted to NHg, which combines with the 
SO4 radicle, forming (NH4)2S04. For example, urea decom- 
poses according to the following reaction: 



C0< + H,0 + H^04 = CO3 + (NHJaSO^. 

To this acid solution containing (NH4)2S04 enough alkali is 
then added to combine with all the SO4 present. This liber- 
ates the NHs, which is distilled over into a known amount of 
acid. 
For the details of the method see demonstration. 
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Urea (Hufner's Method). 
The method is based upon the following reaction: 

C0( + SNaOBr = N, + CO, + 2HjO + 3NaBr. 

See Experiment (c) under Urea. 

Method : The urine must be of such a dilution that it does 
not contain more than 0.5% urea. This is easily accomplished 
when the specific gravity is known. 

Rinse the ureometer first with water and then fill it with 
the hypobromite solution, so that when the apparatus is per- 
pendicular and no air is at the top, the amount of fluid in the 
bulb covers the opening from it to the upright tube. Then 
suck up with the pipette the exact amoimt of urine, and 
placing it under the surface of the solution with the pipette 
tip well into the space below the upright tube, force the urine 
out of the pipette slowly, noting that the bubbles (?) generated 
all pass upward into the closed tube. Care must be taken 
that the last drop of urine is expelled from the pipette with- 
out allowing any air to escape from it also. Allow the reac- 
tion and collection of gas to go on for half an hour, then make 
a reading on the scale on the areometer. 

Proteid. 

Fill the albuminometer to the mark "i*'' with acidified 
urine and add Esbach's reagent to "/2'' (reagent = 10 grms. 
picric acid + 20 grms. citric acid dissolved in a liter of water). 
Allow the precipitate to stand 24 hours and then read the 
height of the precipitate on the scale, which gives the number 
of grms. of proteid in a liter. 
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Uric Acid (Hopkins' Method). 

The principle of the method rests upon the precipitation 
of uric acid by ammonium chloride as ammonium urate. 

Method: Place 100 c.c. of urine in a beaker and add 30 
grms. of NH4CI. Stir until all the salt is dissolved and then 
allow to stand 2 hours. The precipitate is then collected upon 
a small filter-pap^r and washed with a saturated solution of 
NH4CI. Dissolve the precipitate on the paper by pouring on 
it 50 c.c. of water acidulated with HCl and allow it to flow 
into a small beaker. Place the beaker on the water-bath and 
evaporate the solution to about 5 c.c. Allow to stand for 
one hour. Filter off the crystalline precipitate on a small filter 
and after washing once with acidulated water make a nitrogen 
determination on the filter-paper and precipitate according 
to Kjeldahl. 

From the result may be calculated the amoimt of uric acid 

Ammonia (Schlosing Method). 

The method is based upon the liberation of NHj from its 
salts by the use of a weak base such as milk of lime at room 
temperature and the catching of the NH3 so set free in a 
closed space by a known amoimt of acid. 

Method: Set upon the base of an exsiccator a round flat- 
bottomed dish in which has been placed 25 c.c. of fresh, Al- 
tered urine. Lay upon the edges of the dish a glass triangle 
and rest upon the latter another smaller circular dish contain- 

ing 20 c.c. of -H2SO4. Then add 10 c.c. of milk of lime to 

the urine and place the cover over the exsiccator quickly. 
Allow the apparatus to stand 5 days, after which time titrate 

the acid with -NH.OH. The difference between the numj)er 

4 
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of c.c. of the alkali necessary to neutralize the -j acid and 20 

corresponds to the amount of NH3 liberated from the 25 c.c. 
of urine. 

Sugar (Polarization). 
See demonstration. 



PATHOLOGICAL URINARY CONSTITUENTS. 

Albumin and Globulin. 

In testing urines suspected of containing proteid, the fluid 
should always be perfectly clear. This can be accomplished 
either by repeated filtration through paper or asbestos or by 
shaking with magnesia. 

The following tests are best suited for ordinary conditions: 

1. Heat Test, — ^Warm 5 c.c. of clear urine to boiling and add 
3 to 6 drops of dilute acetic acid. If the urine contains more 
than a small amoimt of albumin, this will settle out in flocks 
after the addition of acid. When mere traces are present the 
solution may only become turbid and should then be com- 
pared to the urine before heating, but to which the same 
amount of ^cid has been added. This test is only of value as 
a positive one. When a negative result is obtained other 
tests should be tried with a view to confirmation. 

In some cases the addition of acetic acid to boiled urine 
may give rise to a faint precipitate or turbidity which disap- 
pears upon shaking. This is caused by the formation of acid 
albumin, which may be salted out with J volume of saturated 
NaCl after the addition of more acetic acid to keep the phos- 
phate in solution. Faintly alkaline or amphoteric urine may 
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sometimes give on heating a precipitate due to phosphates, 
which is sometimes difficult to distinguish from a precipitate 
of albimiin. Again, such a urine may remain perfectly clear 
and still contain albmnin. The addition of a small amount of 
acid will, in the first case, dissolve the phosphate and in the 
second precipitate any albumin remaining soluble. Nucleo- 
albumins nor albumoses do not respond to this test, as both 
bodies are soluble in hot acid solutions. A precipitate set- 
tling out upon cooling may point to the presence of such sub- 
stances. Resins resulting from the administrations of petro- 
leum, turpentine, oil of sandal-wood, tolu-balsam, etc., may 
be present in the urine, and if so will be precipitated by the 
acid. Such precipitates easily dissolve in alcohol. 

2. HeUer^s Test, — Stratify in a test-tube 5 c.c. of HNOa and 
6 c.c. of lupine. If albmnin be present in the urine, in conjunc- 
tion with the HNO3 at the surface of contact of the two 
liquids it will be precipitated and will appear as a white ring 
where the liquids meet. As the HNO, upon standing diffuses 
upwards into the urine the rmg may become broader. This 
test is sensitive enough for ordinary clinical purposes, but will 
not show the presence of traces. Urines contaming an ex- 
cessive amount of urea may form a crystalline precipitate (?) 
in this test, but such a precipitate cannot be confused with 
albiunin. Colored rings may also form, due to the oxidation 
of urinary pigments, indican producmg a blue cojoration (?). 
Substances mentioned under the heat test, such as resins, etc., 
may form a cloud, but simple tests such as those indicated 
will exclude them. 

3. Roberts' modification of Heller's Test. — ^Instead of HNO3 
this reaction makes use of a reagent (1 part concentrated 
HN08+5 parts satiirated MgS04 solution) which is stratified 
in the same way as in Heller's test. It has some optical 
advantages and colored rings never appear in its use. 
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4. Acetic add and ^potassium ferrocyanide Test, — ^Acidify 
5 c.c. of urine with two drops of acetic acid and add drop by 
drop a dilute solution of K4FeCNe. In the presence of 
albumin a white precipitate occurs which is soluble in an 
excess of the reagent. Traces of albumin may be detected 
with this reaction. Should the precipitate dissolve upon 
heating, albimioses may be suspected. The presence of a 
considerable amount of mucin or nucleoalbmnin in the urine 
may sometimes give rise to a precipitate with acetic acid 
alone. This must be removed by filtration before the ferro- 
cyanide test can be completed. 

5. Trichloracetic acid Test, — Stratify a few c.c. of a con- 
centrated aqueous solution of this reagent with 5 c.c. of 
urine. A white ring sharply defined indicates the presence 
of albimiin. The precipitate may also be albumoses, but in 
this case the ring dissolves with cautious warming. This test 
is more sensitive than Heller's, and by its use smaller quanti- 
ties of albumin are demonstrable in urines with which the 
more common tests yield negative results. 

6. Spiegler^s Test, — Stratify 5 c.c. of urine slightly acidified 
with acetic acid with a few c.c. of Spiegler's reagent (8 grms. 
HgClj, 4 grms. tartaric acid, 20 grms. glycerin in 200 c.c. of 
water). In the presence of albumin a white ring appears at 
the line of contact of the two liquids. This test is very 
sensitive, showing albumin in a dilution 1 : 250,000. In fact 
most normal urines indicate albumin with the reagent. This 
must be borne in mind in making deductions from its use. 
Urines containing iodides give a precipitate of Hglj. 

7. TanreVs {Bouchardat) Test, — ^The reagent (HgClj and KI 
dissolved in water and to this glacial acetic acid added) is 
added, drop by drop, to the urine until a turbidity or precipi- 
tate appears. The reagent precipitates, besides albumin, 
mucin, peptone, and alkaloids. In cases where the presence 
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of alkaloids in the urine is suspected, the peptone and alkaloids 
may be dissolved in potassio-mercuric iodide and the solution 
shaken out with ether, whereby the alkaloid is dissolved. 

Proteoses. 

In general, as pointed out in the previous tests, the pro- 
teoses may be differentiated from the albumins and globulins 
by the greater solubility of their precipitates by heat or in an 
excess of the reagents. 

Peptone. 

Urines containing peptone show no test upon heating, are 
not precipitated with mineral or acetic acids, nor do they 
give the acetic acid and potassium ferrocyanide reaction. 
Treated with acetic acid and phosphotungstic acid such 
urines give a precipitate upon standing. 

Dextrose. 

Before testing for dextrose in the urine, proteid, if present, 
must be removed by heat and acetic acid. The following 
tests depend upon the power of dextrose to reduce metallic 
oxides as evidenced by the formation of precipitates or color 
changes. It must be remembered that the urine may also 
contain other bodies such as creatinin, uric acid, allantoin, 
hydrochinon, alkaptonic acid, urine and bile pigments, and 
conjugate glycuronic acids, which also reduce, in a slighter 
degree however, metallic oxides. It is, therefore, better 
never to base a decision entirely upon reduction tests. 

Never allow the solution to boil more than a few seconds in 
performing the tests. This will tend to eliminate the possi- 
bility of a reduction due to the above-mentioned substances. 
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1. Trommer's Test. — Perform this test as indicated under 
. Dextrose, using urine instead of the dextrose solution. 

2. Fehling^s Test. — Perform this as under Dextrose, having 
in mind Experiment 4, under Phosphates. 

3. Boettger^s Test. — ^Make 5 c.c. of the urine alkaline with 
NaOH and add a little powdered bismuth nitrate. Warm 
the solution gently for a few moments. The dextrose reduces 
the nitrate to oxide or even to metallic bismuth, as shown by 
the blackenmg of the white precipitate. This test has the 
advantage that Bi is harder to reduce than Cu or Ag, and 
therefore many reducing bodies in the urine do not afifect it. 

4. Nylander's Test. — ^To 10 volimies of urine add 1 volume 
of Nylander's reagent and boil. The presence of sugar is indi- 
cated by a dark coloration of the urine followed by a separa- 
tion of a black precipitate (?). By this very sensitive test 
the reducing character of some normal urines may be shown. 
Sulphide containing urines cannot be tested by this method. 
Why? 

5. Phenylhydrazin Test. — Perform as given imder Dextrose, 
using 15 c.c. of urine. As other substances in the urine may 
give a precipitate with the reagent, a mere separation of an 
insoluble body is not sufficient evidence for the presence of 
a sugar. The precipitate must be yellow and must be exam- 
ined carefully and critically under the microscope. If sufficient 
quantities are obtainable for a melting-point determination, 
this procedure should be carried out. Phenylglucosazone 
melts at 204r-205° C. 

6. Fermentation Test. — ^Perform as suggested under Dex- 
trose. 

7. Polarization Test. — ^The sensitiveness of this test is de- 
pendent entirely upon the instrument employed, the average 
of which will not indicate polarization when reduction tests 
are negative. The urine must be proteid-free and most of 
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the coloring matter must have been removed by shaking with 
lead acetate in substance and filtration. 

Bile. 

Notice the color of the urine, but do not confoimd it with 
that voided after the ingestion of rhubarb, santonin, etc. 

In order to insure a positive identification of icteric urine 
by means of the bile acids it is necessary to separate them 
from the urine by a long and laborious procedure and then 
perform Pettenkofer's test. Though this is the more sensitive 
method, still it is more usual clinically to perform tests for the 
biliary pigments directly on the urine. 

1. Perform Gmelin's, Smith's, Hammarsten's, and Hup- 
pert's tests. 

2. RosenbacKs modification of Gmelin's Test. — Filter some 
icteric urine and to the moistened paper add one drop of 
HNOs- Colored rings aroimd the drop correspond in color 
and arrangement to those obtained in Gmelin's test. Caution: 
Impure filter-paper may give this test, so make a control test 
in using strange paper. 

3. Hay's Test, — ^Fill a test-tube half full of urine and 
sprinkle on the surface powdered sulphur. If the sulphur 
sinks to the bottom the presence of bile salts is indicated. 

Blood. 

The presence of blood in urine is usually proven by ad- 
ducing evidence as to the presence of blood-coloring matters 
— ^hsematin or its proteid compounds. The urine may contain 
corpuscles, but these must be sought for in the sediment. 
The following bodies may be present: OxyhsBmoglobin, met- 
haemoglobin, and hsematin. Reduced haemoglobin is never 
present in the urine. 
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OXYHJEMOGLOBIN. 

1. Notice the color of the urme. If fresh it has a reddish 
tinge and is turbid. 

2. Examine with spectroscope. If the urine is not fresh 
be on the lookout for methjemoglobin. Treat a portion of 
the urine with an excess of NaOH which contains some 
sodium sulphide. OxyhsDmoglobin is changed to haemo- 
chromogen with its characteristic spectrum. 

3. Heller^s Test, — Make some urine strongly a;lkaline with 
NaOH and bdil it. The oxyhssmoglobin is split into haematin 
and proteid, and the earthy phosphates being precipitated, 
drag down the haematin with them. The precipitate should 
be red. Filter off and dry the precipitate and test it for 
Teichmann's crystals. 

4. Struve's Test. — Make a portion of urine alkaline with 
NaOH and precipitate with tannic acid. Test this precipitate 
for haemin. 

Metilemoglobin. 

Examine with the spectroscope. . Add (NH4)2S as suggested 
under Blood and get the spectrum of reduced haemoglobin. 
Do not confound the spectrum of methaemoglobin with that 
of haematin in acid solution. 

Rematin. 

1. Examine in the spectroscope. If a single band is pres- 
ent add (NH4)2S to the urine, filter, and again examine. The 
two bands of reduced hsematin should appear. 

2. Make tests 3 and 4 under Oxyhaemoglobin. 
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Hjcmatoporphyrin. 

The use of sulphonal and similar medicinal agents give rises 
to changes in the blood which show themselves by the pres- 
ence of hamatoporphyrin in the mine. 

1. Examine with the spectroscope. The presence of other 
coloring matters renders such observations unsatisfactory 
and misleading. 

2. Method of Garrod. — ^To 100 c.c. of urine add 20c. c. of 
10% NaOH. The phosphates of the earthy metals are pre- 
cipitated and with them the hamatoporphyrin. This precip- 
itate is filtered off, washed, and warmed in a flask with acidu- 
lated alcohol. The pigment goes into solutionn. Use this for 
the spectroscope. 

CH,.COOH 
DiACETic Acid. | 

0=CCH8 

Urine must be tested soon after voiding, as this body dis- 
appears upon standing. 

Strongly acidify some urine with H2SO4 and shake out 
with ether. Separate the ether from the solution and shake 
out the former with water which is just colored with FejCl^. 
The watery solution becomes violet and upon the addition of 
more FeaCl« turns bordeaux-red. 

Acetone, rjjj /CO. 

Distil 100 c.c. of urine to which has been added 2 c.c. of 
50% acetic acid. Take the first 50 c.c. of the distillate, add 
1 c.c. of 8 times diluted concentrated H2SO4 and redistil over 
25 c.c. Make the following test with this solution. 

1. Lieben's Test. — Place some of the solution in a test-tube 
and make alkaline with sodium carbonate. Add enough of 
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Tanret's reagent to give the solution a decided yellow color. 
Warm at 65° C. for 5 minutes and allow to cool. A yellow 
precipitate of iodoform settles out, recognizable by its odor 
and its hexagonal crystals. This test is also given by alcohol. 

2. Reynold^s Test, — Precipitate a solution of HgClj with 
alcoholic NaOH and add to this a portion of the fluid dis- 
tillate. Acetone has the power of dissolving freshly precipi- 
tated HgO, and the latter's presence may be tested for by 
filtering the above mixture and adding to the filtrate (NH4)2S. 

3. LegaVs Test — To a few c.c. of the distillate add a few 
drops of a freshly prepared solution of sodiiun nitroprusside 
and make the solution alkaline with NaOH. A ruby-red 
color is produced which quickly disappears. Creatinin also 
gives this reaction. If in this case the alkaline solution is 
treated with a large excess of acetic acid the color becomes 
red, whereas with creatinin it is changed to green and then 
blue. 

Ehrlich's Diazo Reaction. 

Diazobenzolsulphonic acid comes into prominence as a 
reagent in various connections. 

If a dilute solution of this reagent be added to certain path- 
ological urines (typhoid, pulmonary tuberculosis, etc.), and 
the mixture then made alkaline with ammonia, the solution 
becomes carmine or scarlet. Upon shaking, the foam also 
partakes of a reddish color. Normal urines give a yellowish- 
red coloration with this reagent. This substance is also used 
in testing for sugar, proteid, and bilirubin in urine, and the 
possibilities of error in interpretation may always be borne 
in mind on this account. 
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Separating from a urine which is add in reaction, the fol- 
lowing substances may be present: 

1. Crystalline Type. 

(a) Uric Add. — Color, golden brown. To what is this due? 
Does not dissolve upon warming. Soluble in NaOH and 
reprecipitated by HCl. Responds to the murexide test. 
Very characteristic crystalline form under the microscope. 

(6) Caidum Oxalate. — Usually present mixed with uric 
acid. Colorless. Dissolves easily in HCl, but is insoluble in 
acetic acid. (See Triple Phosphate, with which there is the 
possibility of confusion.) Under the microscope the crystals 
are transparent, refractive, octahedral (envelope shape). 

(c) Bilirubin and Hcematoidin. — The former crystallizes in 
golden or brown rhombic plates or needles. Dissolves easily 
in alkalies and chloroform and gives Gmelin's reaction. The 
latter is similar in crystalline form, but does not dissolve 
in alkali and gives a blue coloration with HNO,. 

(d) Cystin. — Under the microscope it appears as super- 
imposed six-sided plates, which are insoluble in acetic acid, 
but soluble in NH,OH (differing from uric acid). 

(e) Tyrosin, Leudn, and Xantkin. — For tests, see under 
these substances. 

(/) Phosphates. — 1. Magnesium Phosphate. Rhombic 
plates, soluble in acetic acid, slightly attacked by ammonium 
carbonate, 2. Calciiun Phosphate. Soluble in acetic acid. 
Crystals wedge-shaped, seldom found. 3. Ammonio-magne- 
eium Phosphate (Triple Phosphate). These separate only 
eaction is weakly add or amphoteric. 
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{g) Potassium Sulphate, — Long colorless needles, insoluble 
in NH4OH or acids; seldom found. 

2. Amorphous Type. 

(a) Uric Acid Salts (Acid Urates). — Brick-red or brownish- 
red in color. Dissolves upon warming and gives the murex- 
ide test. Upon the addition of a mineral acid, free uric acid 
separates out in small crystalline form. 

(6) Calcium Oxalate. — ^Dumb-bell shape. See above for 
detection. 

(c) Calcium Sulphate. — ^Dumb-bell shape, insoluble in HCl. 

(d) Fat. — Strongly refracting round drops, soluble in ether. 

Separating from an alkaline reacting urine : 

1. Crystalline Type. 

(a) Triple Phosphate. — ^Dissolves easily in acetic acid; 
unchanged by ammonimn carbonate (see Mag. Phosphate) ; 
appears under the microscope as large colorless prisms (coffin- 
cover shape). Upon warming gives off NHj. 
" (6) Ammonium Urate. — ^Dissolves in HCl or acetic acid, 
followed by the separation of free luic acid crystals (rhom- 
bic form). Forms dark balls with needles radiating from the 
circimiference (chestnut-burs). Gives off NH3 upon heating 
on a platinum foil. 

(c) Magnesium Phosphate. — See imder Acid Urine. 

2. Amorphous Type. 

(a) Earthy Phoephate. — ^Dissolves in acetic acid without 
the development of gas. 

(&) Earthy Carbonate. — ^Dissolves in acetic acid with effer- 
vescence. 

> (c) Calcium Carbonate. — ^Dimib-bell shape. Soluble in 
acetic acid, with an escape of gas. (Compare Calcium 
Oxalate.) 
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SCHEME FOR IDENTIFYING SEDIMENTS. 



On heating the sediment on a platinum foil it 



Does no t char . 

Fresh sediment tr^ted 
with HCl 



Does not effervesce. 



Fresh sediment gently 
heated and then treated 
with Ha 



Does not effervesce. 



Fresh sediment moist- 
ened with NaOH 



NH, 
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Does char. 



Fresh sediment gives the 
murexide test. 

Sediment treated with NaOH 
gives 



Ammonia. 
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No ammonia. 
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fer.) 12mo, 2 00 

Drechsel's Chemical Reactions. (Merrill.) 12mo, 1 26 

Eissler's Modem High Explosives Svo, 4 00 

Effront's Enzymes and their Applications. (Presco.tt.) . . . .Svo, 3 00 
Erdmann's Introduction to Chemical Preparations. (Dunlap.) 

12mo, I 26 
Fletcher's Practical Instructions in Quantitative Assaying with 

the Blowpipe 12mo, morocco, 1 60 

Fowler's Sewage Works Analyses 12mo, 2 00 

Fresenius'sManual of Qualitative Chemical Analysis. (Wells.) Svo, 5 GO 
" Manual of Qualitative Chemical Analysis. Part I. 

Descriptive. (Wells.) 8vo. 3 00 

" System of Instruction in Quantitative Chemical 

Analysis. (Allen.) Svo, 6 00 
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Fuertes's Water and Public Health 12mo, 1 60 

Furman's Manual of Practical Assaying 8vo, 3 00 

Gill's Gas and Fuel Analysis for Engineers 12mo, 1 25 

Grotenfelt's Principles of Modern Dairy Practice. (Woll.)-12mo, 2 00 
Hammarsten's Text-book of Physiological Oliemistry. (Mandel.) 

Svo, 4 00 

Helm's Principles of Mathematical Chemistry. (Morgan.) 12mo, 1 50 

Hinds's Inorganic Chemistry 8vo, 3 00 

* " Laboratory Manual for Students 12mo, 76 

HoUeman's Text- book of Inorganic Chemistry. (Cooper.) . . .8vo, 2 50 

" " " Organic " (Walker and Mott) 

{In preparation.) 

Hopkins's Oil-chemists' Handbook 8vo, 3 00 

Keep's Cast Iron Svo, 2 60 

Ladd's Manual of Quantitative Chemical Analysis 12mo, I 00 

Landauer's Spectrum Analysis. (Tingle.) Svo, 3 00 

Lassar-Cohn's Practical Urinary Analysis. (Lorenz.) {In preparation.) 
Leach's The Inspection and Analysis of Food with Special Kefer- 

ence to State Control. {In preparation.) 
Jjbh's Electrolysis and Electrosynthesis of Organic Compounds. 

(Lorenz.) 12mo, 1 00 

Mandel's Handbook for' Bio-chemical Laboratory 12mo, 1 50 

Mason's Water-supply. (Considered Principally from a Sani- 
tary Standpoint.) 3d Edition, Rewritten Svo, 4 00 

'* Examination of water. (Chemical and Bacterio- 
logical.) 12mo, 1 2a 

Meyer's Determination of Radicles in Carbon Compounds. 

(Tingle.) 12mo, 1 00 

Miller's Manual of Assaying 12mo, 1 00 

Mixter's Elementary Text-book of Chemistry 12mo, .1 50 

Morgan's Outline of Theory of Solution and its Results. .12mo, 1 00 

" Elements of Physical Chemistry » . 12mo, 2 00 

Nichols's Water-supply. (Considered mainly from a Chemical 

and Sanitary Standpoint, 1883.) Svo, 2 50 

O'Brine's Laboratory Guide in Chemical Analysis Svo, 2 00 

O'Driscoll's Notes on the Treatment of Gold Ores .Svo, 2 00 

Ost and Kolbeck's Text-book of Chemical Technology. (Lo- 
renz — Bozart.) {In preparation.) 

• Penfield's Notes on Determinative Mineralogy and Record of 

Mineral Tests Svo, paper, 50 

Pinner's Introduction to Organic Chemistry. (Austen.) 12mo, 1 50 

Poole's Calorific Power of Fuels Svo, 3 00 

• Reisig's Guide to Piece-dyeing Svo, 25 00 

Richards and Woodman's Air, Water, and Food from a Sanitary 

Standpoint Svo, 2 00 

Richards's Cost of Living as Modified by Sanitary Science 12mo, 100 

" Cost of Food, a Study in Dietaries. '. 12mo, 1 00 

 Richards and Williams's The Dietary Computer Svo, 1 50 

Ricketts and Russell's Skeleton Note^ upon Inorganic Chem- 
istry. (Part I. — Non-metallic Elements.) . .8vo, morocco, 75 

Ricketts and Miller's Notes on Assaying Svo, 3 00 

Rideal's Sewage and the Bacterial Purification of Sewage. .Svo, 3 50 

Ruddiman's Incompatibilities in Prescriptions Svo, 2 00 

Bchimpf's Text-book of Volumetric Analysis 12mo, 2 50 

Spencer's Handbook for Chemists of Beet-sugar Houses. 16mo, 

mor., 3 00 
" Handbook for Sugar Manufacturers and their Chem- 
ists lOmo, morocco, 2 00 

Stockbridge's Rocks and Soils Svo, 2 50 
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* Tillman's Elementary Lessons in Heat Svo, 1 50 

* " Descriptive General Chemistry 8vo, 3 00 

Tumeaure and Russell's Public Water-supplies 8vo, 6 00 

Van De venter's Physical Chemistry for Beginners. (Boltwood.) 

12mo, 1 50 

Walke's Lectures on Explosives 8vo, 4 00 

Wells's Laboratory Guide in Qualitative Chemical Analysis..8vo, 1 50 
" Short Course in Inor^nic Qualitative Ohemical Analy- 
sis for Engineering Students 12mo, 1 50 

Whipple's Microscopy of Drinking-water 8vo, 3 50 

Wiechmann's Sugar Analysis Small 8vo, 2 50 

" Lecture-notes on Theoretical Chemistry. .. .12mo, 3 00 

Wilson's Cyanide Processes 12mo, 1 50 

" Chlorination Process 12mo, 1 50 

WuUing's Elementary Course in Inorganic Pharmaceutical and 

Medical Chemistry 12mo, 2 00 

CIVIL ENOINEEEINQ. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF 
ENGINEERING. RAILWAY ENGINEERING. 

Baker's Engineers' Surveying Instruments 12mo, 3 00 

Bixby's Graphical Computing Table. ..Paper, 19^x24^ inches. 25 

Davis's Elevation and Stadia Tables 8vo, 1 00 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 3 00 

Freitag's Architectural Engineering. 2d Ed., Rewritten. . .8vo, 3 50 

French and Ives's Stereotomy Svo, 2 60 

Goodhue's Municipal Improvements 12mo, 1 75 

Goodrich's Economic Disposal of Towns' Refuse 8vo, 3 50 

Gore's Elements of Geodesy 8vo, 2 50 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Howe's Retaining- walls for Ekirth 12mo, . 1 25 

Johnson's Theory and Practice of Surveying Small 8vo, 4 00 

" Stadia and Earth-work Tables Svo, 1 25 

Kiersted's Sewage Disposal 12mo, 1 25 

Laplace's Philosophical Essav on Probabilities. (Truscott and 

Emory.) 12mo, 2 00 

Mahan's Treatise on Qvil Engineering. (1873.) (Wood.) . .8vo, 6 00 

* Mahan's Descriptive Geometry 8vo, 1 60 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 2 50 

Merriman and Brooks's Handbook for Surveyors. . . .16mo, mor., 2 00 

Merriman's Elements of Sanitary Engineermg 8vo, 2 00 

Nugent's Plane Surveying Svo, 3 60 

Ogden's Sewer Design 12mo, 2 00 

Patton's Treatise on Civil Engineering Svo, half leather, 7 60 

Reed's Topographical Drawing and Sketching 4to, 6 00 

Rideal's Sewage and the Bacterial Purification of Sewage.. .Svo, 3 60 

Siebert and Biggin's Modern Stone-cutting and Masonry Svo, 1 60 

Smith's Manual of Topographical Drawing. (McMillan.) . .Svo, 2 60 

•TYautwine's (?ivil Engineer's Pocket-book 16mo, morocco, 6 00 

Wait's Engineering and Architectural Jurisprudence Svo, 6 00 

Sheep, 6 50 
" Law of Operations Preliminary to Construction in En- 
gineering and Architecture Svo, 6 00 

Sheep, 6 50 

Wait's Law of Contracts Svo, 3 00 

Warren's Stereotomy — ^Problems in Stone-cutting Svo, 2 60 

Webb's Problems in the Use and Adjustment of Engineering 

Instruments 16mo, morocco, 1 26 
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* Wheeler's Elementary Course of Civil Engineering 8vo, 4 00 

Wilson's Topographic Surveying 8vo, 3 50 

BEISOES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway 

Bridges 8vo, 2 00 

* Boiler's Thames Biver Bridge 4to, paper, 5 00 

Burr's Course on the Stresses in Bridges and Roof Tnisses, 

Arched Ribs, and Suspension Bridges Svo, 3 50 

Du Bois's Mechanics of Engineering. Vol. II Small 4to, 10 00 

Foster's Treatise on Wooden Trestle Bridges 4to, 5 00 

Fowler's Coffer-dam Process for Piers Svo, 2 50 

Greene's Roof Trusses Svo, 1 25 

" Bridge Trusses Svo, 2 50 

'' Arches in Wood, Iron, and Stone Svo, 2 50 

Howe's' Treatise on Arches Svo, 4 00 

" Design of Simple Roof- trusses in Wood and Steel . Svo, 2 00 
Johnson, Bryan and Tumeaure's Theory and Practice in the 

Designing of Modem Framed Structures Small 4to, 10 00 

Herriman and Jacoby's Text-book on Roofs and Bridges: 

Part L-^tresses in Simple Trusses Svo, 2 50 

Part II.-Graphic Statics Svo, 2 50 

Part III.— Bridge Design. Fourth Ed., Rewritten Svo, 2 50 

Part rV.— Higher Structures Svo, 2 50 

Morison's Memphis Bridge 4to, 10 00 

Waddell's De Pontibus, a Pocket Book for Bridge Engineers. 

16mo, mor., 3 00 

" Specifications for Steel Bridges 12mo, 1 ?6 

Wood's Treatise on the Theory of the Construction of Bridges 

and Roofs Svo, 2 00 

Wright's Designing of Draw-spans: 

Part I.— Plate-girder Draws Svo, 2 50 

Part II. — Riveted-truss and Pin-connected Long-span Draws. 

Svo, 2 50 

Two parts in one volume Svo, 3 50 

HTDRAUUCS. 

Basin's Experiments upon the Contraction of the Liquid Vein 

Issuing from an Orifice. (Trautwine.) Svo, 2 00 

Bovey's Treatise on Hydraulics Svo, 5 00 

Church's Mechanics of Engineering Svo, 00 

" Diagrams of Mean Velocity of Water in Open Channels 

paper, 1 60 

Coffin's Graphical Solution of Hydraulic Problems. .16mo, mor., 2 50 

Flather's Dynamometers, and the Measurement of Power. 12mo, 3 00 

Folwell's Water-supply Engineering Svo, 4 00 

Frizell's Water-power Svo, 5 00 

FiMrtes's Water and Public Health 12mo, 1 50 

" Water-filtration Works 12mo, 2 50 

Ctognillet and Kutter's General Formula for th^ Uniform 
Flow of Water in Rivers and Other Channels. (Her- 

ing and Trautwine.) Svo, 4 00 

Hasen's Filtration of Public Water-supply Svo, 3 00 

Hazlehurst's Towers and Tanks for Water- works Svo, 2 50 

Herschel's 115 Experiments on the Carrying Capacity of Large, 

Riveted, Metal Conduits Svo, 2 
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ICason's Water-supply. (Considered Principally from a Sani- 
tary Standpoint.) Svo, 4 00 

Merriman's Treatise on Hydraulics 8to, 4 00 

* Miehie's Elements of Analytical Mechanics Svo, 4 00 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic 

Water-supply Large Svo, 5 00 

Tumeaure and Kussell. Public Water-supplies Svo, 5 00 

Wegmann's Design and Construction of iJams 4to, 5 00 

" Water-supply of the City of New York from 166S to 

1S96 4to, 10 00 

Weisbach's Hydraulics and Hydraulic Motors. (Du Bois.) . .Svo, 6 08 

Wilson's Manual of Irrigation Engineering Small Svo, 4 00 

Wolflf's Windmill as a Prime Mover Svo, 3 00 

Wood's Turbines Svo, 2 60 

" Elements of Analytical Mechanics Svo, 3 00 



UATEBIALS OF ENGINEEEINO. 

Baker's Treatise on Masonry Construction. ;..Svo, 5 00 

Black's United States Public Works Oblong 4to, 5 00 

Bovey's Strength of Materials and Theory of Structures. . . .Svo, 7 60 
Burr's Elasticity and Resistance of the Materials of Engineer- 
ing ,. .Svo, 5 00 

Byrne's Highway Construction Svo, 6 00 

" Inspection of the Materials and Workmanship Elm- 
ployed in Construction lOmo, 3 00 

Church's Mechanics of Engineering Svo, 6 00 

Du Bois's Mechanics of Engineering. Vol. I Small 4to, 7 50 

Johnson's Materials of Construction Large Svo, 6 00 

Keep's Cast Iron Svo, 2 50 

Lanza's Applied Mechanics Svo, 7 50 

Martens's Handbook on Testing Materials. (Henning.).2 v., Svo, 7 50 

Merrill's Stones for Building and Decoration Svo, 5 00 

Merriman's Text-book on the Mechanics of Materials Svo, 4 00 

Merriman's Strength of Materials 12mo, 1 00 

Metcalf s Steel. A Manual for Steel -users 12mo, 2 00 

Patton's Practical Treatise on Foundations Svo, 5 00 

Rockwell's Roads and Pavements in France 12mo, 1 26 

Smith's Wire: Its Us«' and Manufacture Small 4to, 3 00 

" Materials of Machines 12mo, 1 00 

Snow's Principal Species of Wood: Their Characteristic Propeiv 
ties. (In preparation.) 

Spalding's Hydraulic Cement 12mo, 2 00 

" Text-book on Roads and Pavements 12mo, 2 00 

Thurston's Materials of Engineering 3 Parts, Svo, 8 00 

Part I. — Non-metallic A&terials of Engineering and Metal- 
lurgy Svo, 2 00 

Part II.— Iron and Steel Svo, 3 60 

Part III. — ^A Treatise on Brasses, Bronzes and Other Alloys 

and Their Constituents Svo, 2 60 

Thurston's Text-book of the Materials of Construction Svo, 5 00 

TlUson's Street Pavements and Paving Materials Svo, 4 00 

Waddell's De Pontibus. (A Pocket-book for Bridge Engineers.) 

16mo, morocco, 3 00 

" Specifications for Steel Bridges 12mo, 1 26 

Wood's Treatise on the Resistance of Materials, and an Ap- 
pendix on the Preservation of Timber Svo, 2 00 

* laements of Analytical Mechanics Svo, 3 00 
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BAILWAT ENGDrEEKDra. 

Andrews's Handbook for Street Railway Engineers. 3x5 in. mor., 1 25 

Berg's Buildings and Structures of American Railroads. . .4to, 5 00 

Brooks's Handbook of Street Railroad Location.. 16mo, murocco, 1 60 

Butts's Civil Engineer's Field-book 16mo, morocco, 2 50 

Gbmdall's Transition Curve lOmo, morocco, 1 50 

" Railway and Other Earthwork Tables 8yo, 1 60 

Dawson's Electric Railways and Tramways. Small 4to, half mor., 12 60 

** "Engineering" and Electric Traction Pocket-book. 

16mo, morocco, 4 00 

Dredge's History of the Pennsylvania Railroad: (1879.) .Paper, 5 00 

* Drinker's Tunnding, Explosive Compounds, and Rock Drills. 

4to, half morocco, 25 00 

Fisher's Table of Cubic Yards Cardboard, 26 

Godwin's Railroad Engineers' Field-book and Explorers' Guide. 

16mo, morocco, 2 50 

Howard's Transition Curve Field-book 16mo, morocco, 1 60 

Hudson's Tables for Calculating the Cubic Contents of Exca- 
vations and Embankments 8vo, 1 00 

Kaffle's Field Manual for Railroad Engineers. . . . 16mo, morocco, 3 00 

Fhubrick's Field Manual for Engineers 16mo, morocco, 3 00 

Pratt and Alden's Street-railway Road-bed 8vo, 2 00 

fiearles's field Engineering 16mo, morocco, 3 00 

" Railroad Spiral 16mo, morocco, I 60 

Taylor's Prismoidal Formulss and Earthwork 8vo, 1 60 

* 1h«utwine's Method of Calculating the Cubic Contents of Ex- 

cavations and Embankments by the Aid of Dia- 
grams 8vo, 2 00 

* ** The Field Practice of Laying Out Circular Curves 

for Railroads 12mo, morocco, 2 60 

* " Cross-section Sheet Paper, 26 

Webb's Railroad Construction 8vo, 4 00 

Wellington's Economic Theory of the Location of Railways. . 

Small 8vo, 6 00 



DRAWING. 

Barr's Eanematics of Machinery 8vo, 2 60 

• Bartlett's Mechanical Drawing 8vo, 3 00 

Coolidge's Manual of Drawing 8vo, paper, 1 00 

Durley's Elementary Text-book of the Kinematics of Machines. 

(/» preparation.) 

Hill's Text-book on Shades and Shadows, and Perspective.. 8vo, 2 00 
Jones's Machine Design: 

Part I. — ^Kinematics of Machinery 8vo, 1 60 

Part n. — ^Form, Strength and Proportions of Parts 8vo, 3 00 

MacCord's Elements of Descriptive Geometry 8vo, 3 00 

^ Kinematics; or. Practical Mechanism 8vo, 6 00 

" Mechanical Drawing 4t09 4 00 

*• Velocity Diafframs 8vo, 1 60 

* Mahan's Descriptive Geometry and Stone-cutting 8vo, 1 60 

Mahan's Industrial Drawing. (Thompson.) 8vo, 3 60 

Reed's Topographical Drawing and Sketching 4to, 6 00 

Reid's Course in Mechanical Drawing 8vo, 2 00 

" Text-book of Mechanical Drawing and Elementary Ma- 
chine Design 8vo, 3 00 

Robinson's Principles of Mechanism 8vo, 3 00 
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Smith's Manual of Topographical Drawing. (McMillan.) .Svo, 2 60 
Warren's Elements of Plane and Solid Free-hand Geometrical 

Drawing .12mo, 1 00 

** Drafting Instruments and Operations ..12mo, 1 25 

" Manual of Elementary Projection Drawing. .. .12mo, 1 50 
** Manual of Elementary Problems in the Linear Per- 
spective of Form and Shadow 12mo, 1 00 

** Plane Problems in Elementary Geometry 12mo, 1 25 

" Primary Geometry 12mo, 76 

" Elements of Descriptive Geometry, Shadows, and Per- 
spective 8vo, 3 50 

" General Problems of Shades and Shadows 8vo, 3 00 

" Elements of Machine Ck>nstruction and Drawing. .8vo, 7 50 
" Problems, Theorems, and Examples in Descriptive 

Geometry 8vo, 2 50 

Weisbach's Kinematics and the Power of Transmission. (Herr- 
mann and Klein.) . * 8vo, 5 00 

Whelpley's Practical Instruction in the Art of Letter En- 
graving I2mo, 2 00 

Wilson's Topographic Surveying 8vo, 3 50 

Wilson's Free-hand Perspective 8vo, 2 50 

Woolf's Elementary Course in Descriptive Geometry. .Large 8vo, 3 00 



ELECTRICITY AND PHYSICS. 

Anthony and Brackett's Text-book of Physics. (Magie.) 

Small 8vo, 3 00 
Anthony's Lecture-notes on the Theory of Electrical Measur- 

ments 12mo, 1 00 

Benjamin's History of Electricity 8vo, 3 00 

Benjamin's Voltaic Cell 8vo, 8 00 

GLaasen's Qantitative Chemical Analysis by Electrolysis. Her- 

rick and Boltwood.) ' 8vo, 3 00 

Grehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

Dawson's Electric Railways and Tramways. .SmaU 4to, half mor., 12 60 
Dawson's ''Engineering" and Electric Traction Pocket-book. 

16mo, morocco, 4 00 

Flather's Dynamometers, and the Measurement of Power. . 12mo, 3 00 

Gilbert's De Magnete. (Mottelay.) 8vo, 2 50 

Holman's Precision of Measurements 8vo, 2 00 

" Telescopic Mirror-scale Method, Adjustments, and 

Tests Large 8vo, 76 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

Le Chatelier's High-temperature Measurements. (Boudouard — 

Burgess.) 12mo, 3 00 

LOb's Electrolysis and Electrosynthesis of Organic Compounds. 

(Lorenz.) 12mo, 1 00 

Lyons's Treatise on Electromagnetic Phenomena 8vo, 00 

^Michie. Elements of Wave Motion Relating to Sound and 

Light 8vo, 4 00 

Niaudet's Elementary Treatise on Electric Batteries (Fish- 
back.) 12mo, 2 50 

* Parshall and Hobart's Electric Generators..Sma]l 4to, half mor., 10 00 
Ryan, Norris, and Hoxie's Electrical Machinery. {In preparation.) 
Thurston's Stationary Steam-engines 8vo, 2 60 

* Tillman. Elementary Lessons in Heat 8vo, 1 60 

Tory and Pitcher. Manual of Laboratory Physics.. Small 8vo, 2 00 
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LAW. 

• Davis. Elements of Law 8vo, 2 50 

• •• Treatise on the Military Law of United States. .8vo, 7 00 

• Sheep, 7 50 

Manual for Courts-martial 16mo, morocco, 1 50 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 
" Law of Operations Preliminary to Construction in £In- 

gineering and Architecture Syo^ 5 00 

Sheep, 5 50 

" Law of Contracts 8vo, 3 00 

Winthrop's Abridgment of Military Law 12mo, 2 59 

UANTTFACTXTBES. 

Beaumont's Woollen and Worsted Cloth Manufacture. . . .12mo, 1 50 
Bemadou's Smokeless Powder — ^Nitro-cellulose and Theory of 

the Cellulose Molecule l2mo, 2 50 

Holland's Iron Founder 12mo, cloth, 2 50 

" " The Iron Founder " Supplement 12mo, 2 50 

" Encyclopedia of Founding and Dictionary of Foundry 

Terms Used in the Practice of Moulding I2mo, 3 00 

Eissler's Modem High Explosives 8vo, 4 00 

Effront's En2ymes and their Applications. (Prescott.).. .8vo, 3 00 

Fitzgerald's Boston Machinist ISmo, 1 00 

Ford's Boiler Making for Boiler Makers 18mo, 1 00 

Hopkins's Oil-chemisto' Handbook 8vo, 3 00 

Keep's Cast Iron 8vo 2 50 

Leach's The Inspection and Analysis of Food with Special 
Reference to State Control. {In preparation.) 

Metcalf's Steel. A Manual for Steel-users 12mo, 2 00 

Metcalfs Cost of Manufactures — ^And the iu-dministration of 

Workshops, Public and Private 8vo, 6 00 

Meyer's Modem Locomotive Construction 4to, 10 00 

• Reisig's Guide to Piece-dyeing 8vo, 25 00 

Smith's Press-working of Metals 8vo, 3 00 

" Wire: Its Use and Manufacture Small 4to, 3 00 

Spalding's Hydraulic Cement I2mo, 2 00 

Spencer's Handbook for Chemists of Beet-sugar Houses. 

16mo, morocco, 3 00 
" Handbook for Sugar Manufacturers and their Chem- 
ists 16mo, morocco, 2 00 

Thurston's Manual of Steam-boilers, their Designs, Construc- 
tion and Operation 8vo, 6 00 

Walke's Lectures on Explosives 8vo, 4 00 

West's American Foundry Practice 12mo, 2 50 

" Moulder's Text-book 12mo, 2 50 

Wiechmann's Sugar Analysis Small 8vo, 2 50 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Woodbury's Fire Protection of Mills 8vo, 2 50 

MATHEMATICS. 

Baker's Elliptic Functions 8vo, 1 60 

• Bass's Elements of Differential Calculus 12mo, 4 00 

Briggs's Elements of Plane Analytic Geometry 12mo, 1 00 

Chapman's Elementary Course in Theory of JSquatiowi. . . 12mo, 1 50 

Compton's Manual of Logarithmic Computations 12mo, 1 50 
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Davis's Introduction to the Logic of Algebra 8vo, 1 60 

'Dickson's College Algebra Large 12mo, 1 60 

Halsted's Elements of Geometry Svo, 1 75 

" Elementary Synthetic Geometry Svo, 1 50 

* Johnson's Three-place Logarithmic Tables: Vest-pocket size, 

pap., 15 

100 copies for 5 00 

• Mounted on heavy cardboard, 8 X 10 inches, 25 

10 copies for 2 00 
" Elementary Treatise on the Integral Calculus. 

Small 8vo, 1 50 

" Curve Tracing in Cartesian Co-ordinates 12mo, 1 00 

'* Treatise on Ordinary and Partial Differential 

Equations Small Svo, *3 50 

Theory of Errors and the Method of Least 

Squares 12mo, 1 60 

• " Theoretical Mechanics 12mo, 3 00 

Laplace's Philosophical Essay on Probabilities. (Truscott and 

Emory.) * 12mo, 2 GO 

* Ludlow and Bass. Elements of TVigonometry and Logarith- 

mic and Other Tables Svo, 3 00 

" Trigonometry. Tables published separately. .Each, 2 00 

Merriman and Woodward. Higher Mathematics ...Svo, 5 00 

Merriman's Method of Least Squares Svo, 2 00 

Rice and Johnson's Elementary Treatise on the Differential 

Calculus Small Svo, 3 00 

*• Differential and Integral Calculus. 2 vols. 

in one Small Svo, 2 50 

Wood's Elements of Co-ordinate Geometry Svo, 2 00 

" Trigometry: Analytical, Plane, and Spherical... .12mo, 1 00 



MECHANICAL ENGINEEEING. 

MATERIALS OF ENGINEERING, STEAM ENGINES 

AND BOILERS. 

Baldwin's Steam Heating for Buildings 12mo, 2 60 

Barr's Kinematics of Machinery Svo, 2 50 

* Bartlett's Mechanical Drawing Svo, 3 00 

Benjamin's Wrinkles and Recipes 12mo, 2 00 

Carpenter's Experimental Engineering Svo, 6 00 

" Heatingand Ventilating Buildings Svo, 4 GO 

Clerk's Gas and Oil Engine Small Svo, 4 00 

Coolidge's Manual of Drawing Svo, paper, 1 00 

Cromwell's Treatise on Toothed Gearing 12mo, 1 50 

" Treatise on Belts and Pulleys 12mo, 1 60 

Durley's Elementary Text-book of the Kinematics of Machines. 

(In preparation,) 

Slather's Dynamometers, and the Measurement of Power . . 12mo, 3 00 

" Rope Driving 12mo, 2 00 

Gill's Gas an Fuel Analysis for Engineers 12mo, 1 26 

Hall's Car Lubrication 12mo, 1 00 

Jones's Machine Design: 

Part I. — ^Kinematics of Machinery Svo, 1 60 

Part 11. — ^Form, Strength and Proportions of Parts Svo, 3 00 

Kent's Mechanical Engineers' Pocket-book.... 16mo, morocco, 6 00 

Kerr's Power and Power Transmission Svo, 2 00 
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MacCord'B Kinematics; or. Practical Mechanism 8yo, 6 00 

** Mechanical Drawing 4to, 4 00 

'• Velocity Diafframs 8vo, 1 60 

Mahan's Industrial Drawmff. (Thompson.) 8yo, 3 60 

Poole's Oalorific Power of fiiels 8yo, 8 00 

Reid's Course in Mechanical Drawing. 8yo, 2 00 

** Text-book of Mechanical Drawing and Elementary 

Machine Design 8vo, 8 00 

Richards's Compressed Air 12mo, 1 60 

Robinson's Principles of Mechanism 8yo, 3 00 

Smith's Press-working of Metals 8yo^ 3 00 

Thurston's Treatise on Friction and Lost Work in Machin- 
ery and Mill Work 8vo, 3 00 

" Animal as a Machine and Prime Motor and the 

Laws of Bnergetics 12mo, 1 00 

Warren's Elements of Machine Construction and Drawing. .Svo, 7 60 
Weisbach's Kinematics and the Power of Transmission. (Herr- 
mann—Klein.) 8vo, 6 00 

" Machinery of Transmission and Governors. (Herr- 
mann— EJein.) 8yo, 6 00 

" Hydraulics and Hydraulic Motors. (Du Bois.) .8yo, 6 00 

Wolff's Windmill as a Prime Mover 8yo, 3 00 

Wood's Turbines 8to, 2 60 

MATERIALS OF ENGINEERINO. 

Boyev's Stren^h of Materials and Theory of Structures. .8yo, 7 60 
Bunrs Elasticity and Resistance of the Materials of Engineer- 
ing 8yo, 6 00 

Church's Mechanics of Engineering 8yo, 6 00 

Johnson's Materials of Construction Large 8yo, 6 00 

Keep's Cast Iron 8vo, 2 50 

Lanza's Applied Mechanics 8yo» 7 60 

Martens's Handbook on Testing Materials. (Henning.) . . . .8yo, 7 60 

Merriman'9 Text-book on the Mechanics of Materials 8yo, 4 00 

" Strength of Materials 12mo, 1 00 

Metcalf s Steel. A Manual for Steel-users 12mo, 2 00 

Smith's Wire: Its Use and Manufacture Small 4to, 3 00 

" Materials of Machines 12mo, 1 00 

Thurston's Materials of Engineering 3 vols., 8yo, 8 00 

Part n.— Lron and Steel 8yo, 3 60 

Part in. — ^A Treatise on Brasses, Bronzes and Other Alloys 

and their Constituents 8yo, 2 60 

niurston's Text-book of the Materials of Construction. . . .8yo, 6 00 
Wood's Treatise on the Resistance of Materials and an Ap- 
pendix on the Preseryation of Timber 8yo, 2 00 

Elements of Analytical Mechanics 8yo, 3 00 
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STEAU ENGINES AND BOILERS. 

Camot's Reflections on the Motive Power of Heat. (Thurston.) 

12mo, 1 60 
Dawson's " Engineering " and Electric Traction Pocket-book. 

16mo, morocco, 4 00 

Ford's Boiler Making for Boiler Makers 18mo. 1 00 

Goss's Looomotiye Sparks 8yo, 2 00 

Hemenway's Indicator Practice and Steam-engine Economy- 

12mo, 2 00 

Button's Mechanical Engineering of Power Plants 8yo, 6 00 

" Heat and Heat-engines 8yo, 6 00 
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Kent's Steam-boiler Economy 8vo, 4 00 

Kneass's Practice and Theory of the Injector Svo, 1 50 

MacCord's Slide-valves 8vo, 2 00 

Meyer's Modem Locomotive Construction 4to, 10 00 

Peabody's Manual of the Steeim-engine Indicator 12mo, 1 60 

'^ Tables of the Properties of Saturated Steam and 

Other Vapors 8vo, 1 00 

** Thermodynamics of the Steam-engine and Other 

Heat-engines 8vo, 5 00> 

" Valve-gears for Steam-engines 8vo, 2 60 

Peabody and Miller. Steam-boilers 8vo, 4 00 

Pray's Twenty Years with the Indicator Large 8vo, 2 60 

Pupin's Thermodynamics of Reversible Cycles in Gases and 

Saturated Vapors. (Osterberg.) 12mo, 1 25 

Reagan's Locomotive Mechanism and Engineering 12mo, 2 00 

Rontgen's Principles of Thermodynamics. (Du Bois.). .. .8vo, 5 00 

Sinclair's Locomotive Engine Running and Management. . 12mo, 2 00 

Smart's Handbook of Engineering Laboratory Practice. .12mo, 2 50 

Snow's Steam-boiler Practice 8vo, 3 00 

Spangler's Valve-gears 8vo, 2 60 

^ Notes on Thermodynamics 12mo, 1 00 

Thurston's Handy Tables 8vo, 1 60 

^ Manual of the Steam-engine 2 vols., 8vo, 10 00 

Part I. — History, Structure, and iSeory 8vo, 6 00 

Part II. — Design, Construction, and Operation 8vo, 6 00 

Thurston's Handbook of Engine and Boiler Trials, and the Use 

of the Indicator and the Prony Brake 8vo, 6 00 

" Stationary Steam-engines 8vo, 2 60 

" Steam-boiler Explosions in Theory and in Prac- 
tice 12mo, 1 50 

" Manual of Steam-boilers, Their Designs, Construc- 
tion, and Operation. 8vo, 6 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.)..8vo, 5 00' 

Whitham's Steam-engine Design 8vo, 5 00 

Wilson's Treatise on Steam-boilers- (Flather.) 16mo, 2 60 

Wood's Thermodynamics, Heat Motors, and Refrigerating 

Machines 8vo, 4 00 

MECHANICS AND MACHINEET. 

Barr's Kinematics of Machinery 8vo, 2 60 

Bovey's Strength of Materials and Theory of Structures. .8 vo, 7 50 

Chordal. — ^Extracts from Letters 12mo, 2 00 

Church's Mechanics of Engineering 8vo, 6 00 

" Notes and Examples in Mechanics 8vo, 2 00 

Compton's First Lessons in Metal- working 12rao, 1 50 

Compton and De Groodt. The Speed Lathe 12mo, 1 60 

Cromwell's Treatise on Toothed Gearing 12rao, 1 50 

" Treatise on Belts and Pulleys 12mo, 1 50 

Dana's Text-book of Elementary Mechanics for the Use of 

Colleges and Schools 12mo, 1 50 

Dingey's Machinery Pattern Making 12Tno, 2 00 

Dredge's Record of the Transportation Exhibits Building of the 

World's Columbian Exposition of 1803 4to, hSit mor., 6 00 

Du Bois's Elementary Principles of Mechanics: 

Vol. I. — ^Kinematics .8vo, 8 60 

Vol. n.— Statics 8vo, 4 00 

Vol. III.— Kinetics 8vo, 3 50 

Du Bois's Mechanics of Engineering. Vol. I. Small 4to, 7 50 

" « « " Vol.II Small 4to, 10 GO 
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Durley'B Elementary Text-book of the Kinematics of Machines. 

(In preparation,) 

Fitzfferald's Boston Machinist 16mo, 1 00 

Flather's Dynamometers, and the Measurement of Power. 12mo, 3 00 

'' Rope Driving 12mo, 2 00 

Gofls's Locomotive Sparks 8vo, 2 00 

Hall's Car Lubrication 12mo, 1 00 

Holly's Art of Saw Filing 18mo, 76 

* Johnson's Theoretical Mechanics 12mo, 3 00 

Johnson's Short Course in Statics by Graphic and Algebraic 

Methods. {In preparation,) 
Jones's Machine Design: 

Part I- — ^Kinematics of Machinery 8vo, 1 60 

Part n. — ^Form, Strength and Proportions of Parts. ...8 vo, 3 00 

Kerr's Power and Power Transmission 8vo, 2 00 

Lanza's Applied Mechanics 8vo, 7 60 

MacCord's Kinematics; or, Practical Mechanism 8vo, 6 00 

" Velocity Diagrams 8vo, 1 60 

Merriman's Text-book on the Mechanics of Materials Svo^, 4 00 

* Michie's Elements of Analytical Mechanics 8vo, 4 00 

Reagan's Locomotive Mechanism and Engineering 12mo, 2 00 

Beid's Course in Mechanical Drawing 8vo, 2 00 

" Text-book of Mechanical lowing and Elementary 

Machine Design 8vo, 3 00 

Richards's Compressed Air .....* 12mo, 1 60 

Robinson's Principles of Mechanism 8vo, 3 00 

Ryan, Norris, and Hoxie's Electrical Machinery. {In preparation.) 

Sinclair's Locomotive-engine Running and Management.. 12mo, 2 00 

Smith's Press-working of Metals 8vo, 8 00 

" Materials of Machines 12mo, 1 00 

Thurston's Treatise on Friction and Lost Work in Machin- 
ery and Mill Work 8vo, 3 00 

" Animal as a Machine and Prime Motor, and the 

Laws of Energetics 12mo, 1 00 

Warren's Elements of MachSie Construction and Drawing. .8vo, 7 60 
Weisbach's Kinematics and the Power of Transmission. 

(Herrman — ^Klein.) 8vo, 6 00 

" Machinery of Transmission and Gk>vemor8. (Herr- 

(man — ^Klein.) 8VO9 6 00 

Wood's Elements of Analytical Mechanics 8vo, 8 00 

" Principles of Elementary Mechanics 12mo, 1 26 

« Turbines 8vo, 2 60 

The World's Columbian Exposition of 1893 4to, 1 00 

KETAILTTEGT. 

E^leston's Metallurgy of Silver, Gold, and Mercury: 

Vol. I.-Silver 8vo, 7 60 

Vol. n. — Gold and Mercury 8vo, 7 60 

♦* Hes's Lead-smelting 12mo, 2 50 

Keep's Cast Iron 8vo, 2 60 

Kunhardt's Practice of Ore Dressing in Lurope 8vo, 1 60 

Le Chatelier's High-temperature Measurements. (Boudouard — 

Burgess.) 12mo, 8 00 

Metcalf s Steel. A Manual for Steel-users 12mo, 2 00 

Smith's Materials of Machines 12mo, 1 00 

Thurston's Materials of Engineering. In lliree Parts 8vo, 8 00 

Part IT. — Iron and Steel 8vo, 3 60 

Part ni. — ^A Treatise on Brasses, Bronzes and Other Alloys 

and Their Constituents 8vo, 2 60 
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HINEEALOOT. 

Baxringer's Deflcription or Minerals of Commercial Value. 

Oblong, morocco, 2 50 

Boyd's Resources of Southwest Virginia 8vo, 3 00 

" Map of Southwest Virginia Pocket-book form, 2 00 

Brush's Manual of Determinative Mineralogy. (Penfield.).8yo, 4 00 

Chester's Catalogue of Minerals 8yo, paper, 1 00 

Cloth, 1 26 

** Dictionary of the Names of Minerals Svo, 3 50 

Dana's System of Mjueralogy Large Svo, half leather, 12 60 

** First Appendix to Dana's New " System of Mineralogy." 

Large Svo, 1 00 

" Text-book of Mineralogy Svo, 4 00 

" Minerals and How to Study Them 12mo, 1 50 

" Catalogue of American Localities of Minerals. Large Svo, 1 00 

" Manual of Mineralogy and Petrography 12mo, 2 00 

Egleston's Catalogue of Minerals and Synonyms Svo, 2 50 

Hussak's The Determination of Eock-forming Minerals. 

(Smith.) Small Svo, 2 00 

* Penfield's Notes on Determinative Mineralogy and Record of 

Minend Tests Svo, paper, 60 

Eosenbusch's Microscopical Physiography of the Rock-making 

Minerals. (Iddmg's.) Svo, 5 00 

* Tillman's Text-book of Important Minerals and Rocks. .Svo, 2 00 
Williams's Manual of Lithology Svo, 3 00 



MININO. 

Beard's Ventilation of Mines 12mo, 2 50 

Boyd's Resources of Southwest Virginia Svo, 3 00 

" Mi^ of Southwest Virginia Pocket-book form, 2 00 

* Drinker's Tunneling, Explosive Compounds, and Rock 

Drills 4to, half morocco, 25 00 

Eiseler's Modem High Explosives Svo, 4 00 

Fowler's Sewage Works Analyses 12mo, 2 00 

Qoodyear's Coal-mines of the Western Coast of the United 

States 12mo, 2 50 

Ihlseng's Manual of Mining Svo, 4 00 

♦* De^s Lead-smelting 12mo, 2 50 

Kunhardt's Practice of Ore Dressing in Europe Svo, 1 60 

CDriscoll's Notes on the Treatment of Gold t^es Svo, 2 00 

Sawyer's Accidents in Mines Svo, 7 00 

Walke's Lectures on Explosives Svo, 4 00 

Wilson's Cyanide Processes 12mo, 1 60 

Wilson's Chlorination Proceis 12mo, 1 60 

Wilson's Hydraulic and Placer Mining 12mo, 2 00 

Wilson's iWtise on Practical and Theoretical Mine Ventila- 
tion 12mo, 1 25 

SANITABY SCIENCE. 

Folwell's Sewerage. (Designing, Construction and Maintenance.) 

Svo, 3 00 

" Water-supply Engineering Svo, 4 00 

Fuertes's Water and Public Health 12mo, 1 60 

" Water-filtration Works 12mo, 2 60 
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(Gerhard's Guide to Sanitary HouBe-iiupection 16mo, 1 00 

Gtoodrich'8 Economical DiBpotal of Towns' Refiue. . .Demy Syo, 8 00 

Hacen's Filtration of Public Water-supplies 8to, 3 00 

Kiersted's Sewage Disposal. . ^ 12mo, 1 26 

Leach's The Inspection and Analysis of Food with Special 

Keference to State Control. {In preparation.) 
Mason's Water-supply. (Considered Ftincipally from a San- 
itary Standpoint. 3d Edition, Rewritten 8vo, 4 00 

** Examination of Water. (Chemical and Bacterio- 
logical.) 12mo, 1 26 

Merriman's Elements of Sanitary Engineering Svo, 2 00 

Nichols's Water-supply. (Considered Mainly from a Chemical 

and Sanitary Standpoint.) (1883.) 8yo, 2 60 

Ogden's Sewer Design 12mo, 2 00 

* Price's Handbook on Sanitation 12mo, 1 60 

Richards's Cbst of Food. A Study in Dietaries 12mo, 1 00 

Richards and Woodman's Air, Water, and Food from a Sani- 
tary Standpoint 8vo, 2 00 

Richards's Cost of Living as Modified by Sanitary Science. 12mo, 1 00 

• Richards and Williams's The Dietary Computer Svo, 1 50 

RideEd's Sewage and Bacterial Purification of Sewage 8vo, 8 60 

Tumeaure and Russell's Public Water-supplies 8vo, 5 00 

Whipple's Microscopy of Drinldng- water 8vo, 3 60 

Woodhull's Notes on Military Hygiene 16mo, 1 60 



UnSCELLANEOTTS. 

Barker's Deep-sea Soundings 8vo, 2 00 

Emmoixs's Geological Guide-book of the Rocky Mountain Ex- 
cursion of the International Congress of Geologists. 

Large 8vo, 1 60 

Ferrel's Popular Treatise on the Winds Svo, 4 00 

Haines's American Railway Management 12mo, 2 60 

Mott's Composition, Digestibility, and Nutritive Value of Food. 

Mounted chart, 1 26 

" Fallacy of the Present Theory of Sound 16mo, 1 00 

Ricketts's History of Rensselaer Polytechnic Institute, 1S24-. 

1894 Small Svo, 3 00 

Rotherham's Emphasised New Testament Large Svo, 2 00 

'' Critical Emphasised New Testament 12mo, 1 60 

Steel's Treatise on the Diseases of the Dog Svo, 3 60 

Totten's Important Question in Metrology Svo, 2 60 

The World's Columbian Exposition of 1893 4to, 1 00 

Worcester and Atkinson. Small Hospitals, Establishment and 
Maintenance, and Suggestions for Hospital Architecture, 

with Plans for a Small Hospital 12mo, 1 26 



HEBREW AND CHAIDEE TEXT-BOOKS. 

Green's Grammar of the Hebrew Language Svo, 3 00 

" Elementary Hebrew Grammar 12mo, 1 26 

" Hebrew Chrestomathy .8vo, 2 00 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament 

Scriptures. (Tregelles.) SmaU 4to, half morocco, 6 00 

Letteris's Hebrew Bible Svo, 2 26 
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